
/ \ A EPA Region 5 Records Ctr. 

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY i l | | | | | | | | | MEMORANDUM 
393378 

DAT1-: Jjly 27, 1983 (9:30 a.m. - 3:00 p.m.), August 23, 1983 (1:10 p.m. - 1:40 p.m.) 

TO: D;^C/F0S and Records Unit 

p[̂ Qy[. Region 1 - Dennis J. Connor v3f\ 

SUBJI-(T- HDBIL CHEMICAL COMPANY - DeEue Fertilizer Plant 
— "nrDIT32i82 

Compliance Sampling Survey 

/ Accompanied by: Harris Chien, Regional Manager, DWPC/Rockford 

Interviewed: Robert Flaherty, Plant Manager 
Tom Perry, Technical Manager 
Craig Kotowski, Laboratory Manager 

Weather: Sunny, 80-90°F 

riie followiag is a report of observations made and information obtained during a 
visit: t:o the Mobil Chemical Company Fertilizer Plant in DePue. The visit was 
nade to observe current operating and maintenance conditions of the wastewater 
treatmont system and to evaluate compliance with the Pollution Control Board 
Drder cind trie NPDES Permit. Additional information was obtained during a brief 
followup visit 8/23/83. 

;\. Facility Description 

The Mobil Chemical Company Facility at DePue produces diammonium phosphate 
(DAP) fertilizer. Metallic sulfide from Canada and phosphate rock from 
Florida are the raw materials. Sulfuric acid is produced and used to 
convert phosphate rock into phosphoric acid and calcium sulfate (gypsum). 
Phosphoric acid is then combined with ammonia to produce DAP (700 tons/day). 

Waste streams generated from the process are: 

001: Non-contact cooling water drawn from the Illinois River and used 
at the sulfuric acid plant discharges through a two cell settling lagoon to 
Lake DePue. This settling lagoon also receives some storm water runoff, 
sand filter backwash, boiler blowdown and softener regenerate wastewater. 

002: Gypsum slurry from the phosphoric acid plant is pumped to the 80 
acre gypsum stack. After the gypsum settles the supernatant is decanted to 
the clear water pond and reused at the phosphoric acid plant. Various trenches 
and waterways are used to intercept seepage from the gypsum stack and divert 
it to the clear water pond for process use. The precipitator/clarifier 
blowdown at the water treatment plant is also pumped to the clear water pond. 
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B. Operation and Maintenance Conditions 

1. General 

The entire plant was shut down from June 11, 1983 to July 22, 1983 for 
maintenance, repairs and equipment replacement. Shut down has usually 
beun two weeks but was extended this year due to a severe drop in 
fe::tilizer demand as a result of the federal Payment in Kind (PIK) 
Program. The major process improvement was the installation of a new, 
hi;5her capacity acid cooker. A considerable amount of acid contaminated 
junk material generated during the refurbishing was washed on site over a 
be(i of limestone gravel and hauled to a licensed landfill. Wash water 
runoff was collected and pumped to the clear water pond, 

2. Ou-:fall 001 

a. A new Leeds and Northrup pH meter with chart recorder was installed 
on the discharge line. Its probe was located in a manhole just 
northeast of the acid storage tanks. It replaced the old pH meter 
at this location and is calibrated weekly. The #2 meter is a Great 
Lakes differential electrode model with chart recorder. Its probe 
is located about 50' upstream. The #1 meter recorder is located 
in the acid plant control room. Its probe is located on the discharge 
side of the acid coolers. Any one of the meters can trigger lime 
addition and an audio visual alarm. When the alarm is tripped the 
pneumatic valve opens on the 2" drain line from the lime slaker tank 
and lime pours into the cooling water line. According to Perry, if 
the pH drop is significant the acid plant is shut down and the 
source of the acid leak is located and repaired. In the meantime, 
personnel track the spill through the system adding bulk lime to 
the settling ponds if necessary. pH is checked in the ponds every 
20 minutes until the slug is neutralized. (It was recommended that 
records be kept of all such incidents including actions taken.) 

b. The two cells of the acid cooler are arranged in series. The first 
Stage is used to cool 98% sulfuric acid and the second stage is 
used to cool 93% sulfuric acid. 

c. The settling lagoons were dredged June 13 to June 27. The spoil was 
deposited on either side. 

d. An absorbent boom was installed across the second lagoon cell upstream 
of the outfall to capture any oily film on the lagoon surface. 

3. Ouifall 002 

a. Work was continuing on reducing seepage responsible for high nutrient 
levels at 002. A portion of the unnamed tributary was rerouted to 
maintain at least a 50' separation between it and the seepage collection 
trench. This work was initiated after additional seepage points were 
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located in the area. In addition, the trench was being lengthened 
and deepened to improve seepage collection. The trench's bottom 
elevation was being maintained below the tributary's bottom elevation. 
It was hoped this would reverse seepage flows by converting the 
tributary into an effluent instead of an influent stream. 

b. The seepage pumpback system was fully operational (see photo). A 
small diameter pipe drains water back from the clear water pond to 
maintain a low pH level in the sump which reduces precipitate buildup 
in the discharge lines. 

c. Flaherty maintained that the recent dry weather and low stream flows 
have reduced dilution and caused nutrient concentrations at 002 to 
increase. 

C:. Def .Lciercies 

The wastewater treatment system lacked the services of a properly certified (K) 
operator. Flaherty indicated that two staff members from their laboratory 
vould take the exam in October. 

D. Ocher Observations and Remarks 

1. Since November 1982, Mobil has been monitoring and reporting in accordance 
with their expired NPDES permit. Results reported have been within interim 
limits specified in the Board Order. However, it does not appear as though 
water quality limits will be met when the variance for outfall 002 expires 
November 15. 

2. On outfall 001, pH meter charts were still not being kept. Flaherty was 
reminded that once the NPDES Permit is renewed, the chart recording for 
the most downstream meter would have to be retained and made available 
to Agency personnel upon request. One of the current charts was observed 
and it revealed that pH level does fall below 6.0. 

3. Labcratory record keeping was good with daily logs for raw data. Instruments 
are well maintained and calibrated regularly. Mobil had again participated 
in USEPA's quality assurance program but the results were not back yet. 
Kotcwski indicated that Mobil's analysis results compared favorably with 
lEVA results on split samples. 

4. Flo\; on the day of the visit (July 27) was about 17.7 MOD for 001 and 
0.0682 MGD for 002. 

E . Sample .Vnalysis Results 

Analysis results of samples collected at the following locations will be 
tabalattd and attached when received (also refer to attached map). 

D-1 
D-2 
D-3 

Neigro Creek downstream of unnamed tributary 
Ne;gro Creek upstream of unnamed tributary 
Unnamed tributary 
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D-4 
D-5 
D-6 
D-7 
D-8 
D-9 

002 grab 
Pracipitate in unnamed tributary just downstream of 002 
Decant water from gypsum pond 
001 grab 
001 composite 
002 composite 

DJC/bjs 

c;c: -Regior 1 
-DWPC/CAS 
-USEPA 

9/30/33 
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Form Approved 
OMBNo. 15S-R0073 

NPDES C O M P L I A N C E I N S P E C T I O N R E P O R T (Cod ing Ins t ruc t i ons on back o f l as t page) 

T R A N £ ; A C T I 0 N 

ccDi ; NPDES YR MO DA 
INSPEC- FAC 

TYPE TOR TYPE 

fU IsJ |L |L 10 10 |3 12 II 18 12 
_ ! Z. 3 1 1 

is 13 lO t7 12 |7 I y y |2j 
_12 12 la 19 20 

TIME 

9:30 
a.m. I p.m. 

REMARKS 

^ [-̂  | j p fi I [I -̂ p v |s rr |R IT I h i |D |A |P I IF ^ H tr t i lL li ^ Is IR I |p I I ^̂  t̂  IT | 
2.L- s± 

.JJ..J_i_L 
i5 70 

A D D I T I O N A L 

NPDES Permit Expired 3/31/81, Renewal under public notice 

m -
SECTI':)N A - Permit Summary 
NAME tvND ADDRESS OF FACILITY f/nclude County, State and ZIP code) 

Xobll Che::tx:al Co. 
F e r t i l i z e r P lan t 
DePue, IL 61322 BUREAU COn^TY 

EXPIRATION DATE 

3/31/81 
ISSUANCE DATE 

FIESPON;3IBLEE OFFICIAL 

•lober?: Flai ier ty 
TITLE 

Plan t Manager 
PHONE 

313—+47-2i''i J. 

FACILITY REPRFiSENT^.TIVE 

Tom Fcrr-. 'Craic: .^otowski 
TITLE 

Teci:. l igr . /Chief Che-iist: 
PHONE 

o l j - 4 • ' t 7 • . i - t i 

SECT! ;)N B • Effluent Ch iracteristics (Addit ional sheets attached . 

PARAf. lETER/ 
OUT FALL MINIMUM AVERAGE M A X I M U M A D D I T I O N A L 

.SAMPLE 
MEASUREMENT 

PERMIT 
REQUIHEMENT i V ^ . . K l ^ 9 6 J, ; j . L ; a i a iV^cncy '.a,: • 1.. sumTuaries atcachsd 
SAMPLE 
MEASUREMENT 

PERMIT 
REQUIREMENT 

SAMPLE 
MEASUREMENT 

" E R M I -
REQUIREMENT 

SAMPLE 
MEASUREMENT 

I'ERMIT 
=iEQUinEMENT 

SAMPLE 
MEASUREMENT 

P E R M ! " 
REQUI REMENT 

!>ECTI OU C - Facility Eviiluation ^5 = Satisfactory, U = Unsatisfactory. N/A = Not applicable) 

EIFLUENT WITHIN PERMIT REQUIREMENTS OPERATION A N D MAINTENANCE SAMPLING PROCEDURES 

R : CORDS AND RECORTS COMPLIANCE SCHEDULE LABORATORY PRACTICES 

3 PtIRVIIT VEFI IF ICA" ION FLOW MEASUREMENTS OTHER: 

SECT' ON D - Comments 

SE:CT ON E • Inf lect ion/Review 

SIGNATURES AGENCY DATE 

^ F 0 R C » I £ N T 

INSPl.-CTED BY 

IMSPi;CTE 

lEPA 7-27-33 

°!y 
REVIEWED BY 

COMPUIANCe STATUS 

O lMONCOMPUANCe 

' < ^ ^ ^ ^^/-^cBS 
EPA r O R M 3560-3 (9-7-;) CES EPA FORM T-51 (9-76) WHICH IS OBSOLETE. PAGE 1 OF 4 



Form Approved 
OMB No. 15S-R0073 

Sijctions F thru L: Complete on all inspections, as appropriate. N/A = Not Applicable 
PERMIT NO. 1 

pECTION F • Facility and Permit Background | 

h .bcRESS OF PERMITTEE IF DIFFERENT FROM FACIL ITY 
If Including Cry , County and Z/P code) 

DATE OF LAST PREVIOUS INVESTIGATION BY EPA/STATE 

FINDINGS 

js ECTION G - Records and Reports 

FIECORDS AND REPORTS MAINTAINED AS REQUIRED BY PERMIT. D Y E S D NO O N / A (Further 

DETAILS: . . ' . 

explanation attached j \ 

(ii) ADEQUATE RECORDS MAINTAINED OF: 

,) SAMPLING DATE, T IME, EXACT LOCATION 

li) ANALYSES DATES, TIMES 
• ii) IND IV IDUAL PERFORMING ANALYSIS 

; v) A N A L Y T I C A L METHODS/TECHNIQUES USED 

; V) A N A L Y T1 c A L R E S U LTS ^e.*., consist en t with self-monitoring report data) 

(1>) MONITORING ^ECOnoS (e.g.,flow. p H , D.O., etc.) MA INTAINED FOR A MINIMUM OF THREE YEARS 

1 NCLUDiNG AL L ORIGINAL STRIP CHART RECORDINGS (e.g. continuous monitor ing instrumentation, 

j t ib r : incn and maintenance records). , . - -n^ i * - ' ' - ^ ' - , ' » - ; -
(,:) LAB EQJIPMENT CALIBRATION AND MAINTENANCE RECORDS KEPT. ,. . . 

(,)) FACILITY OPERATING RECORDS KEPT INCLUDING OPERATING LOGS FOR EACH TREATMENT UNIT 

(ii) Q U A . I T Y ASSURANCE RECORDS KEPT. 

(•) =iecoRC)S MAII . ITAINED OF MAJOR CONTRIBUTING iUDUSTR\BS (and their compliance Status) U S I N G 
PUBLICLY OWtJED TREATMENT WORKS. 

D 

a 
D 
D 
D 

a 
D 

6 
d 
n 

Y E S 

YES 

Y E S 

Y E S 

Y E S 

Y E S 

Y E S 

Y E S 

Y E S 

Y E S 

D 
D 
D 
D 
D 

D 
D 
D 
Q 

D 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

DN/A 

DN/A 
DN/A 
DN/A 
DN/A 

DN/A 

DN/A 1 
DN/A I 
DN/A 

DN/A 
i lECTION H - Permit Verif ication 1 

MSF'ECTioN OBSE RVATIONS VERIFY THE PERMIT. Q Y E S D NO O N/A (Further explanation 
DETAILS: r . - . i ' X i r i ; : j ' ^ 1 ' : . I . • •^e^:e^•a i ' j r . a e r p u b l i c n o t i c e 

U! CORRECT NAME AND MAIL ING ADDRESS OF PERMITTEE. 

•( 3l FACi LiTY IS A3 DESCRIBED IN PERMIT. 

il :) FRiNCIf AL PRODUCT(S) AND PRODUCTION HATES CONFORM WITH THOSE SET FORTH IN PERMIT 
APPLICATION. 

1 i l TREATMENT PROCESSES ARE AS DESCRIBED IN PERMIT APPLICATION. 

19) NOTiFICATIOM GIVEN TO EPA/STATE OF NEW, DIFFERENT OR INCREASED DISCHARGES. 

II M ACCURATE RECORDS OF RAW WATER VOLUME MAINTAINED. 

i j) NUMBE=I AND LOCATION OF DISCHARGE POINTS ARE AS DESCRIBED IN PERMIT. 

• 1) CORRECT NAME AND LOCATION OF RECEIVING WATERS. 

. ) A L - 3ISCHAR0ES ARE PERMITTED. - ' . ,-,,.•,-?- «..^^p . ,n r .or. - r n I ' - , . ^ . - r ^ -A r-

attached 

D 

D 

a 
n 
D 
D 
D 

• 
a 

YES 

Y E S 

Y E S 

Y E S 

Y E S 

Y E S 

Y E S 

YES 

YES 

D 
D 

D 

a 
D 
D 
D 
D 
D 

- J 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

DN/A 1 
DN/A 

DN/A 

DN/A 

DN/A 

DN/A 
DN/A 1 
DN/A j 
DN/A 1 

; lECTION 1 • Opera:ion and Maintenance 1 

•rRE;ATMEI>IT FACILITY PROPERLY OPERATED AND MAINTA INED. D YES D NO D N/A fFurther explana 

oETAiLS: _ i - ..^xsZTi^vi^ ceascs wher. po--.ei: t a i i s 
a) STANDI3Y P0\AER OR OTHER EQUIVALENT PROVISIONS PROVIDED^ • r _ \ , , , - • . ^ n n S v ' •n \ . - .^ r 

b) ADEQUATE A L A R M SYSTEM FOR POWER OR EQUIPMENT FAILURES A V A I LABLEi^^ , . , ^ , , , j 

c) REPORTS ON /ALTERNATE SOURCE OF POWER SENT TO E P A ^ T A T E AS REQUIRED BY PERMIT. 

dl SLUOGES ANC SOLIDS ADEQUATELY DISPOSED. •̂  r ,-.f „ - ^ i 1 ,^-J r^-r ^ - •• j 

a) ALL TREATMENT UNITS IN SERVICE. 

;f) CONSULTING (ENGINEER RETAINED OR A V A I L A B L E FOR CONSULTATION ON OPERATION AND 
MAINTENANCE PROBLEMS. 

Ig) O U A L i n E D OPERATING STAFF PROVIDED. ^'r, r i ^ r r i ^ - p ' - n ^ : ^ T a t , \ r 

(hi ESTAB LISHEC PROCEDURES A V A I L A B L E FOR TRAINING NEW OPERATORS. 

(il FILES MAINTAINED ON SPARE PARTS INVENTORY, MAJOR EQUIPMENT SPECIFICATIONS, AND 
PARTS AND EQUIPMENT SUPPLIERS. 

ij) INSTRUCTION:; FILES KEPT FOR OPERATION AND MAINTENANCE OF EACH ITEM OF MAJOR 
EQUIPMENT. / > , . . , , 

Ik) OPERATION AND MAINTENANCE M A N U A L MAINTAINED. 

(1) SPCC PLAN A V A I L A B L E . 

im) REGULATORY AGENCY NOTIFIED OF BY PASSING. (Dates j 

ml ANY BY-PASS NG SINCE LAST INSPECTION. 

•o; ANY HYDRAL LIC AND/OR ORGANIC OVERLOADS EXPERIENCED. 

D 
.D 
D 
D 
D 

P 
D 
D 

YES 

YES 

YES 

YES 

YES 

/ E S 

VES 

CES 

D YES 

D YES 

D YES 

O YES 

D YES 
D YES 
n YES 

tion attached . 

D 
D 
D 
D 
D 

D 
D 
D 

D 

D 

D 

D 
D 
D 
D 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O 

N O - ; 

NO 

NO 

NO 

J j 

DN/A 
DN/A 

DN/A 

DN/A 

DN/A j 

DN/A 
DN/A 

DN/A 1 

DN/A 

DN/A 1 
DN/A 1 

DN/A 1 
DN/A 1 
DN/A 
DN/A 1 

=PA FORM 3560-:i {9-77) ,—,— '.- . , ' . ' • / ," PAGE 2 OF 4 

Ref. #48, Page 7 
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(c) PRIM/iRV FLOW MEASURING DEVICE PROPERLY OPERATED AND MAINTAINED. 

t>ERMtT NO. 

IL0032182 
SECTION J • Compliance Schedules 

IYES D N O D N / A (Further explanation attached. PERMITT EE IS MEETING COMPLIANCE SCHEDULE. 

CHECI': APPROPRIATE I'HASEfi): 

D (a) THE PERMITTEE HAS OBTAINED THE NECESSARY APPROVALS FROM THE APPROPRIATE 

ALiTHORITIES TO BEGIN CONSTRUCTION. 

n (b) 'FOPER ARRAN(JEMENT HAS BEEN MADE FOR FINANCING (mortgagecommitments,grants, etc.). 

12 (c) CONTRACTS FOF ENGINEERING SERVICES HAVE BEEN EXECUTED. 

D Id) OESIGN PLANS AND SPECIFICATIONS HAVE BEEN COMPLETED. 
I 

D (e) CONSTRUCTION HAS COMMENCED. 

D (f) CONSTRUCTION AND/OR EQUIPMENT ACQUISITION IS ON SCHEDULE. 

D (g) CONSTRUCTION HAS BEEN COMPLETED. 

[3 (h):;TART UP HAS CDMMENCED. 

D (i) THE PERMITTEE HAS REQUESTED AN EXTENSION OF TIME. 

SECTION K - Self-Monitorinii Program 

Par' '. - Flow measurement (Further explanation attached. 
PEF?MIT"E E F L O W MEASL R E M E N T MEETS T H E R E Q U I R E M E N T S A N D I N T E N T O F T H E P E R M I T . 

O E T A I L ; ; : 

B YES D NO 

la) PPIM/iRY MEASURING DEVICE PROPERLY INSTALLED. gauging s t i c k s ( b o t h ) S YES D NO 

TYI>E 3F DEVICE: B w E I R D P A R S H A L L FLUME D M A G M E T E R D V E N T U R I METER D OT H E R f'Specz/v. 

Ibl CALltiRATiON FREQUl=.NCY f^DEQUATE. (Date of last calibration J u l y , 19&3_ J Bl YES D NO 

DN/A 

D N / A 

DN/A 

Q YES D NO DN/A 
(cOSECOMDARY I N S T R U M I E N T S (totalizers, recorders, etc.) PROPERLY OPERATED AND MAINTAINED. D YES D NO 

(e) f LOW MEASUREMENT EQUIPMENT ADEQUATE TO HANDLE EXPECTED RANGES OF FLOW RATES. D YES D NO 

• N/A 
DN/A 

-) Pari .'! - Sampling (Further explanation attached 

PERMITTEE SAMPLING ME ETS THE REQUIREMENTS AND INTENT OF THE PERMIT. A g a i n E 3 Y E S D N O 

[3ETAIL!; Company reporting parameters for 001 and 002 on D>Cl, including 408. 
ts 

DN/A 

la) L 0 C A " 1 0 N S ADEQUATE FOR REPRESENTATIVE SAMPLES. H YES D NO 

Ibl PARAi^^CTERS AND SAVIPLING FREQUENCY AGREE WITH PERMIT. 

Ic) F'ERMITTEE IS USING METHOD OF SAMPLE COLLECTION REQUIRED BY PERMIT. ,, [ 

IF NO. D G R A B C MANUAL COMPOSITE • AUTOMATIC COMPOSITE FREQUENCY ^ ^ ^ Y 

Id) 'SAMPLE COLLECTION PROCEDURES ARE ADEQUATE. I 

Q YES D NO 

;^<>A_MPI^ COLLECTION ='ROCEDURES ARE ADEQUATE. 

JO 5.t.MPLES REFRIGERATED DURING COMPOSITING 

(ii: PFlOPER PRESERVATION TECHNIQUES USED 

_ { ' \ u ) FLOW PROPORTIONED SAMPLES OBTAINED WHERE REQUIRED BY PERMIT 

Q YES 
r 

Q YES 

D NO 

D NO 

• YES D NO 

E3 YES D NO 

D YES D NO 
( i v l 3/,MPLE HOLDING TIMES PRIOR TO ANALYSES IN CONFORMANCE WITH 40 CFR 136.3 E YES D NO 

e) (.lONrORING AND ANALYSES BEING PERFORMED MORE FREQUENTLY THAN REQUIRED BY 

_!LE."_̂ 'l For study on containment modifications Q YES D NO 

:f) IF le) IS YES, RESULTS ARE REPORTED IN PERMITTEE'S SELF-MONITORING REPORT. 0 YES D NO 

Pari .? - h:\0OtZ\or\' (Fu'thcr explanation attached . -) 
PEf^MiT" EIE LABORATORY PROCEDURES MEET THE REQUIREMENTS AND INTENT OF THE PERMIT. 

PJH.h^.: Split saaples with Agency 
(a) EF'A /.PI'ROVED ANAu r'TICAL TESTING PROCEDURES USED. (40 CFR 136.S) 

0 YES D NO 

B YES D NO 

(b) iF AL Tf RNATE ANALYTICAL PROCEDURES ARE USED, PROPER APPROVAL HAS BEEN OBTAINED. D YES D NO 

DN/A 

DN/A 

DN/A 

DN/A 
DN/A 
DN/A 

• N/A 
DN/A 

D N/A 
CN/A 

DN/A 

DN/A 

DN/A 

(cl PAR/! METERS CITHER T H A N THOSE REQUIRED BY THE PERMIT ARE ANALYZED. Y E S D NO DN/A 

(d) SATi;;FiiCTOR'>' CALIE.RATION AND MAINTENANCE OF INSTRUMENTS AND EQUIPMENT. IS YES D NO 
e) Q JAI.ITY CCNTROL PROCEDURES USED. D YES D NO 

If) 3UPL CATE SAr^PLES ARE ANALYZED. . .%OF TIME. D YES S NO 
(gi SPIKE;D SAMPLELS A R E USED. .% OF TIME. USEPA PC samples onlv i2 YES D NO 

(h) COMMERCIAL LABOR 1.TORY USED. 6j YES D NO 

,(i) COMN'E =1CIAL LABOR/,TORY STATE CERTIFIED. D YES D NO 

L/.B NAME — A q i i a l a h -

L/iB ADDRESS Rdckford 

D N / A 

D N / A 

D N / A 

D N / A 

D N / A 

D N / 

EPA FOPM 3560-3 9-77) 
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J * . Form Approved 
OUBNo. 158-ROOTS 

PERMIT NO. 

IL0032182 
SECTION I. - Effluent/Receiv ng Water Observations ^Furr/ier ej;p/anj/ion jrfac/ie</- J 

OU" 'FAL[ . NO. 

001 

002 

O I L S H E ; E N 

None 

GREASE 

None 

None None 

TURBIDITY 

Low 

Low 

V I S I B L E 
FOAM 

None 

S l igh t 

V I S I B L E 

FLOAT S O L 

None 

None 

(Sections M and N: Complete as appropriate for sampling inspections) 

SECTION M - Sampling lnspa:tion Procedures and Observations (Further explanation attached ) 

COLOR 

L t . Brown 

Yellow-Gm 

OTHER 

Prec ip i ta te 

Cl C-R,:,B SAMPLES OBTAINED 

[ I ! cor.IPCSITE OBTAIN ED 

C FLOW PROPORTIONCD SAMPLE 

C A U I O M A T i C SAMPLIiR USED 

C; SAr.iP-E SPLIT WITH PERMITTEE 

n CH,.MN OF CUSTODY EMPLOYED 

D SAf.lPLE OBTAINED =ROM FACIL ITY SAMPLING DEVICE 

COMPOSITIVG FREQUENCY .'^-J-CIW: t . : I A c y PRESERVATION 

AMPLE f lEFRIGERATED DURING COMPOSITING; D Y E S D N O 

SAMPLE REPRESENTATIVE OF VOLUME AND NATURE OF DISCHARGE — 

SECTIOM N - Analytical Results (Attach report if necessary) 

i-tf --erori., 

EPA For-n 13560-3 (9-77) PAGE 4 OF 4 
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, . y ^ < f , PREFACE 

This r epor t was prepared by W. £ . Oavis It Associates pur­

suant to Contract No. 68-02-0100 with the Environmental 

Protection Agency» Office of Air P r o g r a m s . 

The inventory of a tmospheric emiss ions has been prepared 

to provide rcliableMnfortnation>regarding the nature , mag­

nitude, and extent of the emissions of zinc in the United 

States for the year 1969. —. ^ 

Background information concerning the basic charac ter i s t ics 

of the zinc industry has been assembled and included. / P r o ­

cess descriptions a r e given", bnt they are^brief, and a rc 
• • - • ^ , • • 4 , , 

limited to the a r e a s that a r e closely related to existing or 

potential atmospheric losses of the pollutant. 

Due to the limitation of t ime and funds allotted for the study, 

the plan was to personally contact all of the p r imary p ro ­

ducers and about twenty percent of the companies in ?ach 

major emission source group to obtain the required ir.forma­

tion. It was knowTi that published data concerning the a t m o s ­

pheric emissions of zinc were virtually nonexistent, anvi con-

t<i.cts with industry ascer ta ined that a tmospher ic emiss ions 

were not a ma t t e r of record . ^ The zinc emiss ions and 



' • ^ . s . 
emission factors thai-a i^ p y t t t e d a r e based on the summa­

tion of^data obtained from production and reprocess ing com­

panies . Additional information was acquired during field 

t r ips to inspect the a i r pollution control equipment and ob-

serve processing operat ions. .. 

% 
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5. R r f o f t l.»»t» 

NAtlonnl Invent«T)* of Sources and EmlsBtons Barium, Boron, 
Copper, Sol«nlua and Zinc 1969 - Zinc Section V 

HOT 1972 
«. 

7, i\'ii)iof(«) 

W. E. Dnvls 
>. P r d c t R i n j i Or fan iz< ( ion K r p t . 

No . 

y. Pct(vr:nir>g O f g a n i l i i i t o n Name ani i AdJ icaa 

"'W. E. Dnvis & Associates 
9726 Sagomore Road 
Lonvood, Kansas 

72 
"Ho. l* io j t c i /Ta«»/ lo rk Unit S o . 

1 1 . Co rn rac i /G tao t No . 

• 68-02-0100 

) ; . l-fcnirrinj; CT|Kni(*ticn Ui^i t and Addt^i t 

r,i;viF.o;T:!F,!rr«M. P R O T E C T I O N A G E M C Y 
Office of Air Prograirs 
Rrno.nrch Triangle Park, North Carolin 

13. T y p f o< Rr j xx t Ac P t r i o J 
CoTcr rd 

)4 . 

15, 5v.ippltnf I'.iiry Notes 

!&. Abitticii 

Tnformat 
zinc in 
bnsic f;h 
cess dcs 
existing 
sion fnc 
Addition 
control, 
the year 
lurglcal 
and near 
the wear 
sov^recs. 

Ion Is provided regarding the nature, magnitude, and extent of the emissions of 
the United States for the year 1969. Background inforri.ition concerning the 
iracteristics of the zinc industry has been assembled and included. Rriof pro-
;riptions are given; they arc limited to the areas that arc closely related to 
or potential atmospheric losses of the pollutant. The zinc emissions and emls-
tors are based on data'obtained from production and. reprocessing qompanlcs. 
il information was acquired during field trips to inspect the air pollution 
equipment and observe processing opcrntinns. Emissions to the atmosphere tlurlng 
Kcrc 159,922 tons. About 31 pcrcont of the cnisfiicns resulted from the metal-
procnssing of zinc, more than 30 percent from the production cC Iron imd steel, 
ly 18 percent from tlie incineration of refuse. The proi^uctior of zinc oxide, 
of rubber tiros, and the combu-stlon of coal wore also significant emission 

• ^ 
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SUMMARY 

Tlie flow of zinc in the United States has been t raced and 

charted for the year 1969 (Figure I). The cor-^-imption was 

1,797,000 tons, while p r imary and secondary production 

totaled 1,417,000 tons. Imports and exports were 3'>4, 000 

and 43,000 tons, respectively. Ore used directly in process 

ing was 127, 000 tons. 

% 

! 
'A-

• * ; 

Errissions to the atmosphere during the year were 159,922 

tors (Table I). About 31 percent of the emissions resulted 

froin the metallurgical processing of zinc, niore than 30 pcr -

c^^ni from the production of iron and steel, and ne^'-rly 18 per 

cent, from the incineration of refuse. The production of zinc 

oxide, the wear of rubber t i r e s , and the combustion of coal 

were also significant emission sources . 

Emission es t imates for niining, production of pr i tnary and 

secondary zinc, manufacture of zinc-base alloy products , 

and the proOuction of zinc oxide a re based on unpublished 

data obtained from industrial sources . 



1 .A I'. L K 

Source Cei'»'sjor\ 

Minxii^ tnd Mill)ng 

Met ' i l lu rg ica l Process ing; 

Seconda ry Product ion 

End P r o d u c t Uses 

F,xti.s.s;o^<;.s nv .SOURCE 

b o l l r i »• 'i'l r Ol; I) E m i s s i o n s . Tons 

72 

Z i n c - B a s e Alloys 
Zinc Coat ings 
Br^jss i n d Bronze 
Zinc Oxide 

Zinc Oxidfc Produc t ion 
Rubber T i r e s 
Photoc of'ving 
Paint 
Other 

Zinc Sulfate 
iVIiscella/u'ous 

3 ,000 
950 
180 

3. 100 
8, 400 
1 300 

10 
1.000 

30 
100 

50,000 

3 ,800 

2 3 , 2 7 0 

E m i s s i o n s 

3 1 . 3 

2 . 4 

14.6 

M 
I 

Other E m i s s i o n So-jrces 82 ,780 5 1 . 7 

Cui l 
Oil 
Iron and Steel 

ii) i.>»t Fl. rndt (.• 
U \ > > : r . 1 \ > : K I r t h y > : r : i i i 

i tJUct r le F>i r t . 11: ..• 

F v > - : i ^ i ; ; ' " •• 

I.'i <" 1 .'1 (_• r . i ? u ' . ' i 

I, n o 
450 

1 070 
>, 000 

' 1 0 0 

.' ••<-,o 

Tu> !=>•>. ^ .^ : 1 0 0 . 0 
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T A B L E II 

EMISSIONS BY REGIONS 

Tons 

Region No. 1 19. 800 

Region No. 2 47, ?no 

Regior. No. ^ 52, 500 

Region No. 4 . 40 ,422 

TOTAL 159,922 

Region No. 1 

Ar izona Montana l.i'-'i)i 
Cal i fornia Nevada Washit\i;!'.'i 
Co lo rado New Mexico Wvoimr.c. 
Idaho Oregon 

Region No^ 2 

I l l inois Michigan Nortli l").\koi;i 
liidiana Minnes4)ta Oliio 
Iowa M i s s o u r i Soiitli D.^kola 
Kansas Nebraska VVisconsi:i 

Region No. 3 

Alabama Louis iana T c n n t s s t c 
A r k a n s a s Maryland Te.xas 
De laware M i s s i s s i p p i Virv;ini.i 
F lo r ida North Caro l ina Wrst \ ' i rg i iua 
Georg ia Oklahoma Di.->trict of 
Kentucky South C.'\rolina Cohnnbia 

j 
Region No. 4 

[ 
I Connec t icu t New Hnrnpahi rc Pcnnsvlvani . i 

Maine New J e r s e y Rliode Island 
5 M a s s a c h u s e t t s New York Vermont 



EMISSION FACTORS 

The e m i s s i o n f a c t o r s p r e s e n t e d h e r e i n a r e the bes t cu r r c : i ' l v 

a v a i l a b l e . They w e r e d e t e r m i n e d through a combina t ion of 

me thods cons i s t ing of: (I) d i r e c . obse rva t i on of crni5.«!io:. 

data and o the r r e l a t e d plant p r o c e s s i n g and eng inee r ing rijt.-^; 

(2) e s t i m a t e s based on in format ion obtained from . i t c r a t u r e , 

plant o p e r a t o r s , and o t h e r s knowledgeable in the t ic ld ; (U 

ca l cu l a t i ons b a s e d on e x p e r i e n c e and p e r s o n a l knowledge of 

iT»et..illurgical p r o c e s s i n g o p e r a t i o n s ; and, (4) specif ic ai;a-

Ivtical r e s u l t s where ava i l ab l e . 

The bas i c data used to ca l cu la t e the omi s s ion fal:tor^ .iro 

conta ined in the fi les of the C o n t r a c t o r . 
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T A B L E XU 

EMISSION FACTORS 

Mining and Milling 

Metallurgical Process ing 

Electrolytic Plants 

Ver t i ca l 'Re tor t Plants 

HoriBOntal>Retort Plants 

Secondary Production 

End Product Utiet: of Zinc 

Zinc-Base Alloys 

Zinc Coatings 

Brass and Bronzb 

Zinc Oxide Production 

Rubber Tire Wear 

Other Emission Sources 

Coal 

Oil 

Blast Furnaces 

Opcn-Hcarth Furnaces 

Basic Oxygen Furnaces 

Elect r ic F\irnaces 

Foundries 

0 .2 Ib/tun zinc mineTl 

60. 0 lb/ton of product 

80. 0 lb / ton of product 

170. 0 lb/ton of product 

20.0 lb/ton of zinc produced 

10.0 lb/ton of zinc piGccss<:d 

4 ,0 lb/ton of zinc processed 

2 .0 lb/ton of zinc content 

60, 0 lb/ton of zinc oxide 

4 .2 lb/mill ion miles 

17.0 l b / 1 . 000 tons of CO.TI !-u.i-!i-<l 

1.4 lb /1 ,000 bbis of oil burned 

0.02 lb/ ton of pig iron produced 

1. 3 lb/ ton of steel produced 

0.03 lb/ton of steel produced 

0.74 lb/ton of sfj**! produced 

0, 18 lb/ton of o recess weii;ht 



S O U R C E S O F Z I N C 

Z i n c i s a r e l a t i v e l y sof t b l u i s h - w h i t e m e t a l tha t i s w)ciri« 

d i s t r i b u t e d in t h e e a r t h ' s c r u s t in the f o r m of if^ \ .> r - ,n ; ' 

m i n e r a l s . I t i s u s u a l l y found i r n a t u r e ar- th«- ?.\:]'^--r\-

o c c u r s in s m a l l q u a n t i t i e s in no-Triv a l l i;'.n<''>\i>~ r v i . 

p r i n c i p a l n ^ i n o r a l i s s p h a l e r i t e , c o m m o n l y c a l l r d r i n r " '̂ • 

w h i c h i s r e s i n o u s i n a p p e a r s n c e wi th i t s c o l o r v a r v i n t ; tm--^-. 

l ighl »-in t o b l a c k . 

M o s t o t h e r f t n c m i n e r r t l * hAv/* p»-ohablv b e e n forn-.f»-l -t r- r. 

!d^ti«_r. p r o d u c t i i of the S ' l l f idc . T h e s e n i i rc . - . i l ' s inc'.•.(•<' 

/ . i nc i» r , g o s j a r i t r , s m i ' h son i ' • • , > <•;->I;-T>'';i!.)t.-, •• ' ' i . i •• . 

{ r M A ' ; n ; l v , , i n d h v d r OT .V V i ; t ' . ! t • \- .\ ? <• ; - • i i l l v ) - i i i - ^ i - ' •> • • • 

i>( z . n i h o w o \ ' c r , f r i i n k l i n i t e ny.d ri'-.t.it - ,( r«' TU^II 'T ' l - - ; " - . ' 

1)1 ' h f ore-< of Si i t i sex C o u i ' t v . N ' w ) r r ^e> . . 

Z'.Mc m i n e r a l s a r e c o m i t i o n l v H s soi, i.-i' t-f'. v. i 'n U-'MJ mc'^ '-r*! '-

:it,fj ' h e r.<fio ol z i p c to l e^d v - f t e s o - i r A WKU- rAMi'<-. I' 

h e s o u t h e a s t e r n p a r t «if M i s s o u r i the r . . t i o \«. in 'r. ^ r - ! ' -

I 0 -,)«Tt o n i i i n c ' i r ' d *^0 {•( r f e ; . • I f •' ! > • M I t ' < - • . . , . - . . 

• / i r ' of M i « s t n i r i t h e r^^rio i ?« t (H>W .'•'.Z • w n . i ' o t .-IK, t<> !'•, •,. • 

c r;-.» Icrtd. O t h e r n i i n e r - ^ l s t h u i r e i'.«"?tu l a t e d w i ' ,.i'ic •\rv 

< i l f i t " , <U^li>mi»c, p v r i t c , g r c e n o c K i i r , q u a r t z , t i > a U o p v r i ' f 

m d b a r i l r . 



Si 

,̂> 

In the United S t a t e s o r e s conta in ing z inc a r e mined in A r i -

cona« Ca l i fo rn i a , Colorado* Idaho, I l l i no i s , K a n s a s , M i s s o u r i , 

Montana , New J e r s e y , New Mexico , New York, OU'i^hom^, 

P e n n s y l v a n i a , T e n n e s s e e , Utah, Vi rg in ia , Ŵ* ?.).iiij:»on, Wis­

cons in , and to a l e s s e r ex ten t in s e v e r a l o ther s ' - i tey. Abn\)f 

44 p e r c e n t of the zinc f rom d o m e s t i c n:\incs du r ing I960 w-\s 

f rom s t a t e s wes t of the M i s s i s s i p p i R i v e r . A p p r o x i m a t e l y 

w 63 p e r c e n t w a s conta ined in zinc o r e s ; 18 p e r c e n t in l e^d-
' • . ? • • 

-i z inc o r e s ; 9 p e r c e n t in l ead o r e s : 6 p e r c e n t in c o p p c r - l e ^ d 

% 
'̂ y z inc o r e s ; and 4 p e r c e n t in a l l o»her o r e s . 

% 

Dur ing 1969 zinc p roduced froni d o m c s i i c o r e s acco\jntcd 

for about 31 p e r c e n t of the United S ta tes - consumpt ion r.irc 

J[; f rom fore ign o r e s about 34 p e r c e n t - i m p o r t e d s l a b zinc a-

'Jj bout 18 p e r c e n t : and s econda ry zinc about 17 p e r c e n t . The 

fore ign o r e s and c o n c e n t r a t e s w e r e p r inc ipa l ly f rom C a m d n , 

Meytcu , and P e r u . Tlie n n j o r p i r* of the i m p o r t e d sl-ib 

zinc w a s f ront Canada , Japcn , Austr-ili**, P e r u , De lcmm 

L u x e m b o u r g , and Mex ico . 

file://n:/incs
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* XfATERlAli FLOW THROUGH THE ECONOMY 

The conitunptioh of sine in the United States during 196<) wa^ 

1, 797,000 ton* ^ / , which was nearly 4 percent higher than 

in 1968. The sources of supply were principally pr imary 

8i?.b zinc (1,041,000 tons • Zn content) recovered from for-
I 

( . 

eign and domeit ic orQ«» secondary sine (376,000 tons * Zn 

content) reclainr\cd from old and new tcrapf and imports of 

metal and cortipounds (354,000 tons > Zn content) j j as shown 

in Figure I. 

The la rges t MSe of sine was in z inc-base al loys. About 3 3 

percent was util ised for this purpose, principally in diccast­

ing alloy. The second largest quantity, nearly 27 percent , 

m*cr consumed by the galvanizing industry, l l ic amount en­

tering iixtjo b ra s s snd bronze production wan 21 percent , 

while that in t ine oxide was only 10 percent . 

1" Minerals Yearbook* bureau of Mines; 1969. 
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10^ 

USES AND EMISSIONS OF ZLNC 

mills and separated by flotation: however, certain western 

ores require a different t rea tment . They contain Ic^id and 

zinc too intitnately mixed for satisfactory separation by flo­

tation and the final step in this case invol. es sulfuric acid 

$. 

MINING AND MH.LINC 

Even though mining methods vary somewhat with i)ic tvpc of 

ore body, the basic operations of ore removal, ore handling', 

.i.nd crushing a re essentially the s ame . Following crushing, 

the usual pract ice i s for all of the ore to be ground in ball I' 

I 

leaching, usually at an electrolytic xinc plant. -^ 

f 
F^om the standpoint of emissions fo the a tmosphere , the '̂̂^ 

principal losses during" mining and milling operation:* a r e 

those that occur due to bMsring, ore handling, crushing, 

and the x^nnd loss from tail ings. Duri-.->i» grindinc and flot.i-

•icn or Jeachinc, thf ore is wet md i tniosphci ic '•niissions; 

•iri? negligible. 

While this study was in p r o g r e s s , many romp^n'.rs wore 

cor 'acted concerning their mining methods and the zinc enijs • 

sions that occur during mining and null ing. E .en though 



• - < » II 

I 

n 

r e c o r d s w e r e no t a v a i l t b l e c o n c e r n i n g l o s s e s to the a;..-.'^^ 

p h e r e , s e v e r a l e m i s s i o n s o u r c e s •*-erc o b s r r - »»d t t r t r h In 

ca t ion tha t w a s v i s i t e d . 

E m i s s i o n s f r o m Mining and Mill ing - Zinc e m i s s i o n s to 

the a t m o s p h e r e f rom s o u r c e s of min ing and m i l l i r p ar«" e s ­

t i m a t e d by t h e C o n t r a c t o r at 0 . 2 pound p e r ton of z i rc mim-H. 

The a c t u a l z inc content of the o r e mined in the United St.ites 

d u r i n g 1969 wao about 7 2 3 , 0 0 0 t o n s , and zinc e m i s s i o n s ^o 

the a t n t o s p h e r e w e r e 72 t o n s . 
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M E T A L L U R G I C A L PROCESSING 

In t h e United S t a t e s , du r ing 1969/ zinc was p roduced at 14 

p r i m a r y s l a b z inc p l » n t s . Those p l a n ' s p roduced pnm.^ -v 

z inc , s e c o n d a r y z inc , and v a r i o u s zinc compounds incUidint: 

l a r g e quan t i t i e s of z inc nx idc . Zinc was a l s o r e c l a i m e d 

f rom old and new s c r a p a t 13 s e c o n d a r y s l a b zinc p l a n t s , 

and f rom l ead s m e l t e r s l ag a t 5 s l ag - fuming p l a n t s . 

The p r i m a r y z inc s m e l t e r s a r e al l somewha t differen», bu» 

a r e u sua l ly c l a s s i f i ed a c c o r d i n g to .̂  g e n e r a l t v p e s . F ive of 

t h e m a r e e l e c t r o l y t i c p l a n t s , 5 o t h e r s a r c ho ' i zon t :* ! - rc to r* 

tyf" d i s t i l l a t ion f a c i l i t i e s , and the r e m a i n i n g 4 a r c . e r t i c a l 

r e t o r t d i s t i l l a t i on u n i t s . 

R e g a r d l e s s of t h e type of r e t o e rv p r o c e s s eniploved a» »ho 

d i f fe ren t p l a r t s , m a n y of the o p e r a n o n s a r c s i m i l a r . R o i s t 

ing in s o m e f o r m i s p r a c t i c e d on al l zinc sulf ide c o n c e n t r a t e s 

imd d r y i n g p r i o r to roas t ing i s of 'en roq-j i rod. YtM' e x o t h e r n i n 

hea t of r e a c t i o n of the sulfur ii> the o r e wuh the o>.vge" nf tht 

fcir i s t he s o u r c e of hea t for p r o c e s s i n g : h o w e v e r , na tu ra l 

g%s i s u sed a s Auxiliary fuel, p r i nc ipa l l y fur pUn*. s r d r t - u p 

p u r p o s e s . Typ ica l ly , z inc r e c o . e r v p r o c e d u r e s include o r e 

a:id r o n c e r t r ^ l e un loading f rom r a i l r o a d c ^ r s to open i t o r a n f 



p i l e s , l o a d i n g a n d c o n v e y i n g f r o m s t o r a g e to d r y e r s , r t>nve\ -

i n g f r o m d r y e r s to s t o r a g e b i n s , a n d on to r o a s t e r s . S c v c n l 

t y p e s of d r y e r s a n d ro%«»ers a r e u s e d fl» ' h e v ^ r i c i . s l o c - u i o n s . 

Of t h e s e v e r a l t y p e s of r o a s t e r s l i s t e d in T a b l e IV, tlie R o p p 

r o a s t e r i s t h e o l d e s t c u r r e n t l y u s e d in t h e z i n c i n d u s t r v . It 

IS a long., n a r r o w , m c c h a n i c a l l v r a b b l e d r e v e r b e r a t o r v f»irn-

a c e d i v i d e d i n t o 2 p a r e l l e l h e a r t h s . T h e m u l t i p l e h e . i r t h i s 

t h e n e x t o l d e s t t y p e a n d it i s a b o u t 20 o r 2 5 fee t m d i ;«me>er 

c o n t a i n i n g f r o m 7 to 16 h e a r t h s . Both, r o i s t e r s o p e r . i ' e .̂ \ 

r e l a t i v e l y l o w t e m p e r a t u r e : - . disch=\ ri;in>j l - i r ec cl><i-nc> of 

o f f g a s . 

S u s p e n s i o n a n d f lu id b e d r o i s t e r s a r e m o r e r e c e n « d«> clo;^-

m r n » s a n d t h e y o p e r a t e ^t h ic jher t e m p e r a M i r e s . l l w .^ns 

p e n s i o n r o a s t e r c«>nsista of « r ^ f r ^ r t t i r v l i ned e s s e l v i i l ' a 

l a r i j e c o m b u s t i o n »p*ctr in «hc ' o p *nd A h c a r ' ^ ' s in ' h v bo '^oi i i 

p o r t i o n . T h e p r o c o s s r r » c m b l » > s th«* b i . r n i r j ; of pnl i.-rizt'd 

c o « l . E v r r t h o u g h t h e off i ;as <(>l<ime i s r e U ' i e l \ IHM , t h r r e 

i s a l a r g e a m o u n t c»f d u s t d i s c t ^ r n o d (rf>iT\ 1̂ ê ^>JKp^M^slc>n 

r o a s t e r . F l u i d - b e d r o j s t c r * a l s o h a v f ' h e s e s a i n e op«'r-»»ini: 

cha r a c t e r i 8 » i c s . 

A f t e r r o a s t i n g a t e l e c t r o l y t i c p l a n t s , t h e <;onc en« r.i«e is 
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T A B L E IV 

T Y P I C A L ZINC ROASTING OPER/vTlOMS (1) 

Type of R o a s t e r 
Ope ra t i ng 
T e m p . F 

Feed IUi«t. in 
Capac i ty Offgas 
t on /day % of Feed 

Multihe?.r th 

Mul t i hea r t h (2) 

Ropp (3) 

F lu id bed (4) 

1,200-1,350 50-120 

1.600-1,650 250 

1,200 40-50 

5-15 

Offp^s 
S O , 7o 

4 . 5 6. 5 

5 - 1 5 4 . ^ 1 - 6 . 5 

1.0 

(Dorr . .Ol iver) 

F lu id bed (2) 
( D o r r - O l i v e r ) 

F lu id bed 
(Lurg i ) 

Suspens ion 

F lu id co lumn 

1,640 

1,650 

1, 700 

: , 8 0 0 

1,900 

140-225 

240-550 

240 

120-350 

225 

70 -80 

75-85 

50 

50 

17 18 

7 -a 

10-12 

9-10 

R-12 

1 I- 12 

(1) Dead r o a s t excep t w h e r e noted othcrv.-ise. 
(2) F i rs t , s t age i s a p a r t i a l roas t in m u l t i h e a r t h , second ^ 'am­

i s a d r y - f e e d dead r o a s t in D o r r - O l i v e r fluid bed. 
i_i\ P a r t i a l r o a s t . 
(4} S l u r r y feed. 

I 
I 
I 

" S y s t e m s Study for Con t ro l of E m i s s i o n s P r i m a r y Nonfe r rous 
Smel t ing I n d u s t r y " ; Vol . I: A r t h u r G. . I rKcc ^ C o . , S^*. 
F.»4.ncisco, C%lf.: June , 1969. 
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l e ached with d i lu te su l fur ic ac id a s shown m F i g u r e 11 to 

f o r m a zinc sulfate solut.ion. Then the prc^ncint l iquor is 

pur i f i ed and piped to e l e c t r o l y t i c c e l l s , w h e r e "he zuic in 

the l iquor i s depos i t ed on a l u m i n u m c a t h o d e s . At in ter a ls 

the c a t h o d e s a r e r e m o v e d f rom the c e l l s and s t r ipped of 

z i n c . After the p regnan t liquor is pur i f i ed , the res idue th-it 

r e m a i n s i s washed , d e w a t e r e d , and d r i e d a s it is p rep . i r ed 

for the r e c o v e r y of o the r m e t a l s . 

Af ter r o a s t i n g at distillation* p l an t s , s i n t e r i np is u«;efl m.nnlv 

to a g g l o m e r a t e the r o a s t e r c a l c i n e . The s i n t e r i n n m-ichin«s 

have cont inuous c o n v e y o r s upon which the feed mntcti.-il is 

p l aced and p r o c e s s e d . The feed is norm^Mv a nii>»ure of 

ca l c ine o r c o n c e n t r a t e s , r ecyc l ed ground s i n t e r , and the r e 

qu i r ed amount of c a r b o n ^ c e o u s fuel, c i c h ot whic) is p«.!ic;i/.rt) 

and s i zed be fo re it i s fed to the tnar l ines and ipni ted . Dxr i r j ; 

prcces«ini» the c o m b u s ' m n u^s and H rge qi i - in ' ; ' les of (hi.;' 

a r e c a r r i e d away f rom the s i n t e r m i ; iri ' tcli ines. U-.mllv :> i<̂  

10 p e r c e n t of the total feed . i ppea r s a s dust in the c-is tlioi 

i? d i s c h a r g e d . 

At h o r i z o n t a l - r e t o r t di '^ti l latton p l -mts , p r o r e s s m i ; is -i bit*.*-

•ypc o p e r a t j c n . The ho r i zon ta l r e t o t t s H re sm.Ali ce .< imu 

at' 

I 
f 
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E L E C T R O L Y T I C ZINC P I - A H T FLOW DIAGRAM 

CONCENTRATE UNLOADING ( 

DRIER 

S team " ^ 

Wash W a t e r s 

I 
FLASH ROASTER 

WASTE HEAT BOILER 
SO^ Gas^ SULFURIC ACID 

P l ^ N T S 

.Sulfuric Acid to Markc 
Spenl E l e c t r o l y t e 

CONTINUOUS LEACH 

Wash W a t e r s to L e a d . c 1 ^ 
Wash W a t e r s 

• BURT F I L T E R S | | R ESI D U E TR E A TM E N' 

CUSO4 

Zinr Dust 

t 
t 

A s 2 0 j 
JL 

Zinc Plant Res idue 
to S m e l ' e r 

CONTINUOUS PURIFICATION 

FILTRATION 

E L E C T R O L Y T E 
COOLING TOW 3 n 

1 I 
Resid ' io-^Jr A n M11 

. - \ PLAN 
UM 
T 

r 
ELECTROLYSIS 

Spent E l e c t r o l y t e to Leach 

1 
Klec» rolvt i^ 
C.^dml\lm to 

Marke i 

Copjier Res idue 
to Copper S m e l l e r 

CATHODE STRIPPING 

F i g u r e II 

Tic 
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' f ^ : i m ' - ' ; : . . : , :•->;•.• ' .UV 
and condensers a r e placed over tlie ends to condense the 

^v majority of the*iiinc vair^or emerging. The mouths of the 

condensers aire stuffed vdth charge or other available high> 

zinc mater ia l , ' a lmost completely jsealing the outlet. Heavy 

,; firing i s s tar ted and gas ' i s allowed to escape through one 

smal l hole in the stuffing. About 6 hours after starting* the 

r f i rs t «inc begins to come off the charge and the condensers 

i | must per form their functions. The formation of blue powder 

'': ,: t ake t p lace if the tempera ture is low enough to prevent the 

/ ' e s cape of uncondcnscd zinc. If it i s high enough to minimize 

. •-iiT blue powder formation, then there i s appreciable loss o 

vC |[|k!yapor;t,lh foreiim D th5« r^"*^" ' »--»— -

• . \ • • 

V 

i.: 
i :• 

• •V * . r - . , , t > 

;Prplong8' increase ' - • ' ' ' i y ^ r - S V ^ 
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1 U -.̂ î  ;̂̂  j '̂ rib:- ; i^vnear . the tbD;^^bupinf.U»;Wj,; , ;^;^rn:: ._. '^: :- •:- •• 

stion. 

I. b r i -

located 

-.A 

. " . 1 • ••••• t V 

i . ' I * * - '• ' • . • • . - • 

• V . y i V t ^ ' • • • ; • ^ . ^ 

•.:,v,:. .^r^^•>•.''<v 
. • • ; • • • • • • • • " . • ' - ^ r - ^ - ' ^ ; 

• '•.'..'. 
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.. ' ^ ; ••••-. of more bras g.vR^)'^' . Vjp:. ^ ̂ ^ .Vv ' . ' " 

: :̂;̂  ; V When de?a 

:• : ^ V: V.̂ v 'volved thatVr-^tff--^"* .1.-J- .^^J^'/ '^: "= -. ^ • .̂ 
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f :>V>" v':;>̂ <:̂  l ^ r ^ ^ ^ m ^ M ? ' ^ ^ * * ^ ^ in :.e;^ral different way...<Some is 

torts and condensed to,slab sine or sine dust. However* 

about 50 percent of the sine in scrap is In tLe brass that is : 

remelted by brass'and bronze producers for the production 

ore brass.-.'-v-v.̂ *̂̂  .T.-.. J • 

' " ' r - l ' i : 

': • :^^ i^ :^• -

^ . • : . 

• ( 

-x- .••V 

f 
>:i 
i 

• V 

. " ^ .<̂  V 

t .• 
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In o t h e r a l l oys ; / ^ j ; 
In c h e m i c a l p r o d u c t s 

u ^ r . 7 . 3 1 2 
4 5 , 298 

•ri : 

. i r ;• ; . •• , 

L ••' 
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b e e m p l o i e d ^ j ; k m u f n i - ^ ^ 

; i i : i! V i °^f l^"***^*?' l^r *«'* othix^oriaiic inu^urlUes. Afier the 

\ V raw material h a . beeA j J r^aVWth i rlV^ii^-". . . . : . -



Copper 

bronze and the 

•Vi ; >.'̂ M; ;• • >.' ^ ; . . quantity of sine i s IOTV,' usually l e s s than 5 percent . Also. 

•;-•• the boiling points of copper and, t in 'are above 4,000 F while 

'•'•' the normal pouring tempera ture i s in the range of 2, 000 to 

. ^ 2 ( 2 0 0 F. , ' , The remelt ing of b r a s s e s containing 15 t s 40 pcr> 

:; cent sinc,\ howj^ver, p resen t s a different situation. The poux 

ing opera t ions 'a rc ca r r i ed o u t a t te inperatures that a r e near 

' the boiling points (about 2,200 F) and there is some \ 'apor i -

n:^:i 

" j h : •• .• ^«»tion.^^^;0:iyiy^^-.'^^te^lr^-T^ 

: i ^ ! 
Zinc is melted in crucible,- pot,: ket t le , r evcrbcra to ry , o r 

clcctrlc>induction furnaces and i s rec la imed fronn higher 

melting point meta ls in sweiat furnaces . , Secondary refining 

of sine i s ca r r i ed out in re tor t furnaces. This reduction p ro . 

c e s s i s used to rec la im zinc from the d ros s formed in z inc-
. . . • • • ' ! " ^ 4 " ' ^ • • ' ! ; • • ' - / • ' • • • ' . • • 

melting operations* the sine oxide collected by a i r pollution 

control systcmSa'and the contaminated sine oxide from zinc 

oxide plants.r^lJK^v:)*;^ •••••?S^^.^^^"-- ;• 

' The emiss ions of sine and other pollutants ^'ary in composi-
.f;.v ;-• ;, n : •: , . r^^ ' ;'.-•;•• . 'v. ; ' . i^^ 

f^ 
. s- unn and concentration during the operating cycle of the re< 

^ * . ; » • ' * • • ' ; : ; ; • : - • • • " ? K - ' ' ' ^ ' " • • • • • . - r ' t ? , ^ ^ ^ ' ; ^ ' * - ' - -

, > " • • * ^ ^ ? ! ! ' i * ' « » « ^"V «i"V. xinc cmi. . io„. . •„. . 

V'-
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'-• E"^****o"* from Secondary Zinc Production - Tlierc a r c 

[ j i.irge v.iri.-itions in the concentr.itions of zinc fumes that a r e • 

i discharged to the atniosphcro during the production of 8ccoti> 

,'/ d.^ry zinc, Etnissions from b ra s s melting operat ions m.iy 

.' . vary fr"^" .̂ loss ' t lwn 0. 5 pcrc»?nt to 6 percent of more of the 

J . . total metal charge /»: and 2 to 15 percent of the zinc con> 

I - loMt / . Uncontrolled |>articulate emissiomi have been 

î -- , . rejwrted to range from 1 to.TO jHiunds per ton of 

I . S t . | i » l ^ . ; j t ^ ; ^ - .̂Mc^^^ in the Dras* Foun-
dry" ; Foundry; H ^ ^ N o v . ; p 9 5 5 . ; ^ ««• * o u n . 

of Metallurgical ;i„^ Mini.ral^Pusts and F u m e s ^ i n ? ^ ' 
. • A n g e e . , t ^ u n t y , ; c ^ l i f b r n i a ; ^ | ; , B u r e a u of Mines; |«fo, 

C t ro . 7027;JApr. ' ; . 1952 : ' / r v ' -

' N-.--

r ; 

1 ,• 
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atniospheWduring the production of 

; : to Ul. . imo tphe r . tot.lcd al «06 t M . . 

• ; • ; r ^ ;^" *^«"; PoJlutant Emiwion Factors ' - Envir. 
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t : ^ . \ ^K-V^-^:-:•'••• 
END PRODUCT USES OF ZINC 

In the United States during 1969 about 29 percent of the p r i -

I.' mary and secondary sine was used in the eomraercially pure 

[[ form, principally for galvanising sheet, strip, tubes, pipes, 

fencing, structaral shapesV and'other steel ar t icles. Apprbx-
- ^ ' . ^ • ; ^ ' ' r : ; : . . . . . . . . , . • - , - ^ . 

imatelySS percent was consumed as an alloying element in 
; ; • ' . • ' ' • • • ' • ' ' ' • • • • • . / ; ' : - v > ; . ; ^ ^ • • ' V • • • • 

L: the production of sine-base and'eopper-basu alloys. 

The largest application of sine was in sine-base die-casting 

alloys used extensively by the automotive industry. During 
. . . . . . . ; , • = • • • : • • • - " • » / - • . . . ' ; ? . ' * . . ' \ • ' • . • ' > • • \ ' • 

,' ; • ' • > - , ' - . - • . • - - . f . ' • ' - • r •• 
. C ' ' ^ .^ - < • . ' • : • r. : . - . . , • . 

1969 the sine consumed in the manufacture of automobiles 

WZ9 approximately 35 percent of the sine produced. 
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extensively in severa l 

duction in such iteWi; a . rt;;vi;i^.;£Iu . .̂  = 
L . 

.,.,, ; •.. ,, % ^ r . . : ' ^ i ^ ! ^ ? f ^ ' ' ^ j . ^ ^ ' ^ •PpU.nce p r o d u c e r . 

" ' i > ' i > ' > > ' n A ^ i o ^ : , M ^ i ' ^ ^ i f ^ ^ „ , , Addi.ion.lly, c o m . 
• v i ; i ^ 

mercia l machines and tools , bu i lders ' hard^^are, office equip-

ment and business machines«"and optical and photographic 

equipment use a la rge Nsriety of J h e s e cas t ings , 

7*here a r e only a few s ine-base allovs in 'vse for die casting. 

Aluminum i s the major 'alloy ing constituent used in quantities 

.varying from 3 ,5 to 4 . 3 percent , A sine-aluminum alloy im-

pa r t s increased strength and slows the attack of the alloy on 

iron and Steel p a r t s . The amount of copper that may be used 
._'• V 'V. 

in . . i « - b . . . Mloy y a r i c i ^ i i m c . bu. .he « u , l , „ a „ , i „ u 

f " . \ < - > - - '••:': • 

: i-..'vi';-.:^ 

- • T - T T ^ * " * . . 

http://Addi.ion.lly


0.25 to 0.75 percent for inerea i ing tensi le strength and ha rd -

' ' n e s s . Magnesium reduces subsurface corrosion and counter-

• I ' acta harmful effects of smal l inapurities. It is usually not 

added in amoimts g rea t e r than 0.05 percent . ^ < -*. 

Virgin metals a r e always p re fe r red when manufacturing the 

al lays for:die cast ing. ' The procedure itself i s usually a c -

cornplished in a pot or rcverbera tory furnace. The alloy is 

the:i east into ba r s o r pigs: that fit the melting pots a t the d ie -

castinff machl«#»- is • casting machine. . . . - ; , • : ,.:(. . : , ^ p , , i: -..,r. 
1:l 

The actual die-cast ing machinery is generally well automated 

and is often a '9iot chamber" machine because it is s impler 

and faster to ope ra t e / The 's ine-base alloys a r e f irs t melted 

in pots ranging in size from 2, 000 to 8, 000 pounds. The t e m -

pera tu re of this metal in the pot should not exceed 800 F , and 

a good range i s 300 to 400 F . The molten metal flows from 

the pots , filling an adjacent cylinder. A plunger is forced 

down pushing the metal from the cylinder into the die for the 
,'•- k ' -

cast . The dies themselven a r e ordinari ly made of high qual 

ity steel and filled a t te inpcratures up to 950 F , The opera­

tion c£ this machine usually requ i res an operator to open and 

close the dies and remove cas t ings . 

II 

Wi 

I I 
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. ' . Slush eastings a r e util ised onlyjin a 'vcry small way a s com-

V pared with die eastings.?.^Their p r imary purpose is in the p r o -

duction of hollow castings and they a r e mainly employed in 

r the lighting fixture and novelty field. To make these cast ings, 

' £. metal shell i s frozen on the inner surface of a split mold. 

The mold i s inverted quickly so the molten metal flows away 

and the thin shell casting remains . The alloys used in these 
• - ' • • • ' • ' • ' • v . • • : • > ^ • • 

castings must have a fairly low freezing tempera ture and 
• • • - • : ; • / • - • ' . ' • 

solidification overja range of t empera tu res . These alloys 

usually consist of 94 or 95 percent zinc, and the remainder 

is aluminum or aluminum'and copper. 

' During this study the information obtained from die-cast ing 

."" companies indicates that zinc emissions to the a tmosphere 

' averaged about. 10 pounds p e r ton of zinc processed , even 

V though the range reported was from loss than 10 to as much 

- X . . - , - - , ; 
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' bottom Vo reduce.Uio'reaction between the zinc bath end the , 

i ron of the ke t t le / and to impro' .e heat distr ibution. When '••/. 

continuous opc ra t ion i s used, the average pot capacity is a -

bcut 20 tons of zinc pe r ton of mater ia l galvanized pe r hour. 

be coated 

Ive 

^̂ ^̂ .;-t§̂  

' !"• ̂ W H ' ^ ^ S ^ ^ ^ ^ O " «•"• ">en dried . , .bou, 

..• f 



exit by different mclh-
' ' " • " ' - ' ' - ' : ' - i ' - • ' • 

or a charcoal bed. 
.-.•:; ^-•î :;̂ •^Jfj.?;vW;?.,s^ î•p«';••.;-;.".. :;.;;) ., •.««»i oca, 
• ' " ' " ^ " ^ B M - m ' » " ^ : ' " ' • She . , l e a . . . u.ro„,H 
, e x . . , r o . , . . ; c o o l g a ^ ; : « , i i ; g „ ^ ^ 

from .he in s ide ; « d .hen . b U , . of . .earn is used .o remove 

c . c e . . i i „ c . ; : 5 m a n - ^ , . . i , e placed in a cen.rifugc in b a s -

kcts to rid"the excess Zinc. 
' . , . • ' • - • . • - . ^ . ' •• ' - V ' ; ' " > ' " • • ' • ' • ' ^ C ' ' - ' ' ' V r . ^ : - • - • ' • . 

'•".;•-.:• ^.-.K-xTo,Final t r e i » m « « i i ;^ '^f ' ;L-J . 
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coating produced. 
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.1. 
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. '»>»•«•/wWdi:ui iu . i j ; ; i;;;,o»„t ,o abool lO perccn... 

. D u r ^ g h o t - d i p g ^ v ^ ^ 

^ ° " T " ' ' , ' ^ S ^ i ' j ' - " ' B ' * " ' ' - ' " « « ' • ^-i-ie-. or when 
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the flux cover.is distrubud as it is each time an article is im-

mersed into the Zinc b^thl^ Ammonium chl^ is the princi-

pal pollutant; however/there are significant quantities of 

^ n c . zinc ox|de.^^^ '^|'^0"de in the fumes, as shown 

in Table VI. 
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T A B L E VI 

OF THE FUMES COLLECTED BY 
lY AN'ELECTRIC PRECU 

ff L?JW^-GALVANIZING KETTLES 
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' • " " " * y ' ^ ^ " ^ ' ~ " "-'"S ' - C oxide and o.her im. 

P-.ri.ie.. The drum is -hen .e.>ed ..ghtU- .o minimize xinc 

oxid..i.„ and p r . « „ , .he escape of .i„c vapor. Ca,, oil, 

or e l ec i c i , , he . . . ,he drum a. „ . l ^ i , , „ „ . „ , ^ ^ ^ ^ ^ . ^ ^ 
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and even then some 
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. ' performance, f'*̂ '' 

Emissions to the a tmosphere due to electrolytic deposition 

. 5 X of zinc arie considered by the Conrractor as negligible. 
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' ^^^r^.:>;•.i^'^ .y.V^^^;:^ B r a s s and Bronze". . "- J 

B r a s s i s « copper alloy ia which sine i s the principal a l loy-

ing elenientt ' t tsttally added in amounts up to 40 percen t . The 

mos t u'jed b r a s s e s of commerce a r e car t r idge b r a s s eontain-

ing iO percen t sine* and yellow b r a s s containing about 75 p e r - ' 

cent . Bronse i s a l so a copper alloy that contains zinc but ^ 

c-.ctual t empera ture depending upon the alloy. The molds 

tised to form s labs , cakes , and billets a r e cast i ron, water -

cooled, and often copper- l ined. After casting the shapes 

may bo rolled into pla te , sheet , and stvip; extruded into 

rods , b a r s , and seamless tubes; o r drawn into w i re . Final 

r 
1 

normally the sine content i s not more than 5 percen t . 

About half of the sine contained in the b r a s s and bronze p r o -

duced during 1969 was originally s lab zinc, while the other 

half was recovere^i from sc rap braes and bronze as descr ibed 
- •• • . • - • , . j ' 

in the secondary sine section of this r epor t . 

i 
( 

During the process ing of b r a s s and bronze the metals may j 
! 

be melted together in a crucible , ro ta ry , o r rcverbera tory | 

Tumace which may vary in size from severa l hundred to scv- \ 
' - i 

i?ral thousand pounds in capacity. The metal i s poured 'snd f, 
. ' " ' • • • • • • " ' • ' • • ' • - . • I 

cas t at t empera tu res ranging from 1, 200 to 2,400 F» the > 
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emissions to the atmosphere lor th 
zinc processed. Zinc 

e year totaled 180 tons. 
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T A B L E .Vtt.Jfi 

'i • ^'t>;^ry>J^|'%\AKD ' B A G H O U S E COLLECTOR DATA 

Type of fu rnace 

: - • : ' > " ^ • • • • ; - . : , : ; ' , - - - : . . . 

F u e l u9cd'-{^'-'-<?:" • 
M e t a l ' m e l t e d - • 
Compos i t i on of m e t a l 

m e l t e d , % v 7 - l ' ^ 
C o p p e r • • 

•'• Z i n c •;' 

Tin 
• Lead : - ' . ^ ^ -

O t h e r 
Mel t ing r a t e , I b / h r 
P o u r i n g t e m p e r a t u r e . 
Slag c o v e r t h i c k n e s s . 
Slag c o v e r m a t e r i a l 

fc-;r---A"-

F u r n a c e 

C r u c i b l e 
. . , ' • • 

>'Ga•^:^^ 

• B 

Data 

C r u c i b l e 

; G a s 
Yel low b r a s s Red b r a s s 

' J 

f' 
•\ ' 70 . 6 

2 4 . 8 
0 . 5 
3 . 3 
0 . 8 
388 

F 2 , 1 6 0 
in . 1/2 

G l a s s 

• . - * 

8 5 . 9 
? . 8 
4 . 6 
4 . 4 
1.3 

343 
2 , 3 5 0 

1/2 
G l a s s 

Baghouse Co l l ec to r Data 

Volume of g a s e s , cfm 
Type of baghouse 

Fil»cr m a t e r i a l 
F i l t e r a r e a , fi2 
F i l t e r ve loc i ty , fpm 
Inlet fume e m i s s i o n 

ra»e, I b / h r 
Outlet fume e m i s s i o n 

ra»e, I b / h r " 
Col lec t ion efficiency* 

9 , 5 0 0 
Sec t iona l 
' tubxilar 
Or ion 

3 ,836 
2 . 4 7 

2 . 5 5 

0. 16 
% 9 3 . 7 

9 . 7 0 0 
Sec t iona l 

tubu la r 
Or ion 

3 ,836 
2 . 5 3 

1.08 

0 .04 
9 6 . 2 

C 

Low-fr r r juency 
induc t ion 

E l e c t r i c 
Red b r a s s 

82 . <» 
i . 5 
4 . 6 
8 .4 
0 . 6 

1,600 
2 , 3 0 0 

3/4 
C h a r c o a l 

1,140 
Sect ional 

t ubu la r 
Or ion 

400 
2 . 8 5 

2 . 2 * 

0 . 0 8 6 
9 6 . 0 

' i n c l u d e s p o u r i n g and c h a r g i n g o p e r a t i o n s 

\S'*:-
...*•..,A;.:,i..;?Vr5-Tl--.'' •••• • ••• 
"AVrPol l t i t idn Eng inee r ing Manua l " ; Pt ibl ic Heal th S e r v i c e 
l^i.blication No. 999 . .AP-40 : p . 274; 1967, 
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, . yyCryy- r : Z«nc Oxide V': "• :;,̂ • • ^,.. 

;.' z inc Oxide P'roduction^- Zinc, oxide i s the pr incipal zinc 

' i'^: eompotind used by industry and 3 types a r e produced com-
. ' . - . ' ' & = • 

:5^-\?V't:kV';-vv - . > t y r :-*•* ' - . y -y , . - ? . • ' : f I 

mereia l ly in the United States , one being made by chemical 
. • / • ; ^ - , •, • . - • \ - ; V > i ^ " K • * ; ' . ; . ; • . , : i 7 ' i , ' • ' • • ' ; : . : . • • » • ' • ' 

y p roces se s and the other 2 utilizing pyromctal lurgical proced-

' u r e s . The French p rocess oxide, generally refer red to a s 

' the indirect type, i s character ized by i ts br ightness , ex t reme 

whiteness, and a high degree of p u r i t y . ' T h e American pro~ 
. • . : . . • • • • • > . • •• X - . ' • : • ' t - . ' • • ; • • ' v ' ' ' • , ' ' 

cess oxide, the di rect type, u s less bright and contains more 

i m p u r i t i e s . . The chemical p rocesses produce secondary zinc 

oxidos which a r c \ e r y pure , but a r e course and not as bright 

as ei ther of t h e « t h e r 2 types. 

When employing ei ther of the pyromctal lurgical procedures 

to produce zinc oxide, the ores and concentrates , or the sc r^p , 

must first bo processed to produce zinc vapor. Then at tint 

Ht^ge Ihe vapor may be either condensed to produce slab zinr 

or oxidized to make American p roces s zinc oxide. If the 

F r e r c h p roces s oxide' is the des i red product the vapor is ron -
; / • ' • ' ' 

densed to form metall ic zinc, after whirh the metal is vapor-

ized and oxidized to forrn the product. 

Zinc oxide is produced at p r imary and secondary s m e h c r s . 

I ! 
1 i 

I . . ; 

1 
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I Information obtained from both types of plants indicates that 
• i ; . J • • I - > • l i t " ' * . , : ; ' ' • ; "••• . - , > • . ! iv • V • ^ . y ; < : ' . . ^ • • • • ' • • • 

zinc emiss ions to the a tmosphere during the production of 

zine^oxide ranges from 20 to 170 potmds of zinc p e r ton of 

. . . ' < ? - - . ^ . / - . . • ' • • • { [ • - • : . \ - / - - • • ' • -

product . Based on a weighted average .of 60 potmds p e r ton, 

the emiss ions during 1969 totaled 8,100 tons. 
•, • ; • • • ' ; • ' • • , ^ • • . • . ; . . . . . • i i "•• '••- • • , • • ' -

The manufacture and use of consumer products containing 

zinc oxide is a lso very important from the st indpoint of zinc 

emiss ions to the at^nospherc. During 1969 more than 

220, 000 tons were used in the nnanufacturc of ab ras ives , ad-

hcs ivcs , agr icul tural products , ca ta lys ts , ceramics,^ cos -

met ics , dental cements , feed additives, floor coverings, 

glue, insect repel lents , lubr icants , paints , pharmaceut ica ls , 

photocopying supplies, plast ics, printing ink, pyrotechnics , 

rubber products , soaps, text i les , vi tamins, and other i tems 

including various zinc compounds. 

( • 

I 
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. • During thb manufacturing p r o c e s s the additives to be com-

• ' \ ) -' potuided into,the rubber mus t be homogeneously d ispersed 

' : V throughout the blend. ' Rubber mi l l s and Banbury mixe r s a r e 

; ^ ' '\. j^ ., '^I^ pvlneipal i tems of equipment employed for this purpose 

: ^ and it is a t these locations where some sine oxide emisoions 

, occur . The.remaining steps include severa l forming and 

shaping procedures p r i o r to the \'uIcanization p roces s in 

which the plast ic raw mater ia l is converted to an e las t ic 

L.: s ta te . The significant emiss ions of sine th r t occur durlnf^ 

the production and use of rubber products a r e those that e r e 

duo to the wear of vehicle t i r e s . 

' / 

i 

\\*--

The usual dosage of sine oxide is in the range of 60 to 100 

pounds p e r ton of rubber and the average quantity per vehicle 

: . • • ' . • . • • . • ' 1 

l i r e has been reported to be about 0 .5 pound {Zn content -

0 .4 p.Amd).. OtirLiiiB 1969 motor t ravel in the United States i; 

- ' ' ' ' ' : ' . • • ' - v . * - ' . ' - ' / . - , ' . : • i • • '• • " • : "• • • . 

• • • - ' \ - y r ^ - y ' ^ - % ^ ' . . ^ ' r y ^ • - •••• .• . . . . . . 
' . ' . . ' ; . I . ^ • ; 1 ' . ( I ; j . - . - . » ' > . • - • ' . ' ; . 
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h-:;̂ "̂.*-
Light pas ses through to the zinc oxide paper , the e lectrosta t ic 

charge is d iss ipa ted . . ,The image is readily developed by ap -

plying a pigmented fcsiti powder Uiat adheres only to the a r e a s 

where the electrostat ic charge has not been removed. The 

image is finally fixed to the paper by heating. 
-»»»»v... 

During 1966 through 1969 an average of 15,000 tons of zinc 

per year were used in photocopying, and the emiss ions r e ­

sulting from U.at uke were principally those due to the burn-

ing of discarded copies. ^Based on the assumption that 10 

percent of the copie^ were discarded and burned,> zinc emis-

sions to* the a tmosphere during 1969 wer 
e approxirnately 
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1.500 tons. 
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y r y y , : - b . ,'-zyt^y^^oyy0^::'%r^ -
: Paints - Another la rge use of sine oxide is in paints for ex -

,i i t e r io rwood sur faces . . In this application i t has a number of 
yy:^-^yyiV:'j^yy-:^^y^>'/:ryr:.;^i:^'"';h'-uvi!':;:' \.̂  • • . • 
[ '̂  des i rable effects. V'It a ids in mixing and grinding, improves 

drying and hardening of the paint film,'vreduces paint dlscoior-

; Stion, improves rnildew res i s tance and seif-eleaning, and re« 

duces chalking. Emulsion-type latex paint coatings for use 

on cement and masonryj surfaces a l so rdquire the use of zinc 

oxide for the same purpose a s o i l -base paints , with the addi -
. : i . . • . - • • r : . ^ . • y • • : y ; < ; : ^ . . , ^ , : \ : . • y y : y . : : . . y : y . y f < ^ ^ , . , . • . 

tional benefit of helping to reduce can cor ros ion . : . ; J 

At tlio paint factory the zinc oxide i s received in paper sacks 

and emptied into vats containing a liquid. { There is a small 
" ' • r • • . ' ; • ' ' y : < 

• . . - ' I 

arrount of dusting a s the sacks a r e emptied, and at most of 

the locations visited during this study there were ventilation 

sys tems . At some factories there were exhaust sys tems 

wirli hoods over the vats and a fan discharging to the a t m o s ­

phe re . At other plants the vats were ent i re ly enclosed and 

the exJiaust was through a bag fil ter. At one plant the men 

handling the seeks wore resp i ra tory equipment. There were 

no hoods over the va ts , but the entire building v/as ventilated. 

Usually there was some dust on the floor around the vnts, 

and rraces of zinc oxide remained in tltc empty bags which 

were ci ther burned o r discarded with the otlier t r a sh . 
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ere were no einissibh rccordaavaiiable at any of the 

/ . paint factdries and there was no basis for an accurate csti-

> ^1,; inate. ' Based on observations it is'reasonable, however, to, 

: ; assume that the atmospheric emissions of zinc oxide do not 

.: yy exceed one poxmd por,ton of zinc oxide processed. The quan-

,- tity used in paint in 1969 was 25,170 tons, and emissions arc 
• ' . v ; . i ' o . - : . v 

estimated at 10 tons (Zn content), j " 
' * . ' : > ; , ;;^.!*. 
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>'. . Other - The miscellaneous u se s of sine oxide a r c numerous . 
y.'.iP^^^-'/'y' • yy^^^'^^'^CiX^'^]ijy '.':•••' ""•'" 

collectively accounting for about 23 percent of the total con-

sumption in 1969. [ I n ce ramics and g lasses including glazes , 

, enamels,'^^and frits it i s ah essent ial ingredient . In g lasses 

, , / t ' i t ' r educes the melting timcV'lowers viscosity., and r a i s e s 
' " • ' . - • ; ' " ' ' ' ' ; ' y- . •': y \ i - y y ^ v ' ^ : y . . 

chemical and mechanical r e s i s t ance . Up to 15 percent zinc 
. . . ; ^ , • . ' . t ; . . i . • > • ! ' v - • • ? - ; " j v - ' • . ; ' : • : . % ; - t - j ' - / . ' " • > • -̂  • • 

' oxide may be used for hea t - res i s t ing g lass , technical g lass , 
* " • . . • ^ ^ • • • ' • - i V . ^ ' i ' • . ' • - i ^ ' ' - ' • • • ' ! - : ' ^ y - - - : ' . 

;: optical g lass , selenium ruby g lass , and yellow nickel g lass . 
. , ' ' : • - ' : ' . • - • • • :• y ; ' , - : • . . v . : , : \ ; < t " ^ r . ' ; - : 

For special purposes the zinc oxide content is even higher, 
\ • , . . ' • " • \ • ' • • • ' • • ' . . . • 

sometimes over 50 percent . . In glazes it contributes to fusi-

bility, inc reases res i s tance to thermal and mechanical shock, 

prevents crazing, improves lus te r , and enhances opacity. 

Another application of zinc oxide is in porcelain enamels 

for sheet iron and vitreous enamels for cast i ron. In these 

applications it contributes to e lect r ica l res is t iv i ty . These 

enamels a r c used extensively on re f r igera to rs , rang'*s, 

washers , s inks, and toilet f ixtures. 

The principal sources of zinc emissions during the making 

of g lass , glazea, and enamels a r e the initiiil dry mixing 

operations and the melting furnaces. 

Miscellaneous uses of zinc oxide a r e relatively minor, none 

m^' \ 



>-- .» - " . . r . ^ f ^ v ^ , . .^ «^ 4^^ .. . I 

r 

accounting for more than 0 .3 percent of the total use of 

zinc. Since emissions resulting from these uses cannot, be 

calctilated acciirately, a l l factors have been considered and 

a conservative figure of 1,000 tons has Keen estimated by the 

Contractor a s the 
zinc emiss ions to the atmosphere durin 

8 / 
1969 due to the use of zinc oxide in ce ramics , g l a s s , feed ad 

di t ives, floor coverings, soaps, and other products . 
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Rol led Zinc 

Rol led s ine i s g e n e r a l l y p r o d u c e d in a l l the u s u i l f o r m s of 

s h e e t , s t r i p , p l a t e , r o d , and w i r e . F o r t h i s p u r p o s e it i s 

I i n • . . 
^ S. •• p r e f e r a b l e to u s e h i g h - g r a d e s ine add ing a l loying met. 'ils 
f r ' • — ' : " - ' ' - ' • : .:. 

t M; ... :.. .. . 

}l '• I J t i t an ium in c o n t r o l l e d a m o i u i t s . ' A z inc content of 9 9 . 8 p c r -

s u c h a s c o p p e r , m a g n e s i u m / t n a n g a n e s c , c h r o m i u m , and 

' 1.. 
cent o r m o r e g ives good d r a w i n g c h a r a c t e r i s t i c s , and the 

• • • : , ' • • • . • . _ ; . : . . . V f ' . v . . ; . , v ; 5 ; ; . . . ^ . -

a l loy add i t ions p r o v i d e a m a t e r i a l with a ^^idc r a n g e of t e m -
': 1 • • 

?r • {' ' p e r s and s t r e n g t h s . Rol led z inc m a y be buffed) po in ted , 
I r ** ' • •• ' •. y . ' : ' • 

y-y i I; pl;'.ted, l a c q u e r e d , c h e m i c a l l y c o l o r e d , and e n a m e l e d to p r o -

&-. I vide a wide v a r i e t y of f i n i s h e s . Among i t s u s e s a r e pho to -

I n̂  
jr ' *• e n g r a v i n g , l i t hography , d ry c e l l s , n-catJicr s t r i p p i n g , and 
i i 
? • ! 
f; ( many building a p p l i c a t i o n s . 
t'- '. *" 
if- ' i " • .•- • 
p , •• The zinc and i t s a l loying e l e m e n t s a r e .usually m e l t e d in a 
i-
I r e * . e r b e r a t o r y - t y p e f u r n a c e , al though induct ion f'.«-nice8 m a y 
{ 

i • •- bt »*sed when ca.»-eful p roduc t con t ro l is* n e c e s s a r y . The 

I ' ; -
[̂  ? f w i n ^ r c l o n i p e r a t u r e fo r m o l d i n g \ s a b o u t 8S0 Tt> ^"^0 F . A f ' c r 

t r '• 
!' ; *' tJiO m e l t i n g ! o p e r a t i o n , tiu- jr inc i s < d s i ij)to m o l d s l o r r o l l i n j ; 
I ' 

i ; s l - ihs . P r a o r to ro l l ing o p e r a t i o n s , t h e s e sl=ibs . i r e then 

'• i 

I '" hea ted aga in to a t o n i p e r a t u r e r ^nge of 300 to 500 '^ depending 
• f 

I ; " 
• 'i _ or. the d e s i r e d p r o d u c t . J h e r a t e of redticl ion du»^ing ro lhn i ! 

f 
f " i s do te r tn i ' i ed bv the a n a ' v s i s of the n i e t ^ l , the !vpe of 



»•"• < . ; , - ' , ' , % . .,• ;• - ' . • - ' ' • . : c ' - y ! i i ^ ^ y - • i - ' ' ' ' ^ ^ i - - ' ^ ^ : - ^ ' ' ' y .'•', 

equipment, and the des i red finish. 
, . y y , - . ^ H . ; •:. . .T: ;V- - ' ! . - ^ ' ; ' " -S i" , . . 

• . ' . • . v • . ; . , - ^ ^ ^ v ^ • . . ; • > , - - " , ; ; ; ^ - . - . . l Y . v . • . - . . - , • • . ^,: . 

The nnanufacturing of photoengraving zinc follows approxi-

matcly the same procedures a s used in ordinary rolled zincc. 

In making these p la tes , virgin sine (spel ter) i s purchased 

from a refinery and an e lec t r ic induction furnace is used to 

remel t the spe l te r . The molds used a r e equipped to give con-
• ' . ' ' ' .-•-.'..•^ ! '^ y y y ' y y f^y -. .. 

trolltfd cooling for '*£ perfect a s l ab ' a s poss ib le . Finally, 
- ; , . ' • • • • • • • • " ' ^ ' ' • ^ ' ; ^ ' ^ - ; ; i - ' " . 

mv" \* a r e placed ' u a holdiiig oven before rough roll ing, cold 

roll ing, and t r imming. After Ihe rolling the zinr pl4tes 4 re 

degreaiied, painted on the back with a special ac id- , a lkal i -

res is tant mafe ; ia i , and baked. Grinding, washing, polishing, 

inspection, and packing a r e the fin%I s teps . It might be noted 

that there Is a la rgr percentage of reject materi<tl ihrouglout 

the operations due t!o the necessity for surface n^rfrction en 

the p la tes , and this furnishes some portion of secondary z i r r . 

Rolled zinc sheets a r e used a s p r e s s plates in offset lithoc-

raphv. These plates must h a i e the Jensilr strentrth to al!ci»-

clamping without distort ing ihe plate cylinder, and roughprs» 

to r e s i s t f i t igue and breaksge . Zinc pla tes may ha«e a pMin 

c r grained surface . The grained surface is p rese r t iv most 

used. Thts i s produced in a graining m.«rKine wi'h steel 



T bal ls , an abras ive , and water . After graining, the plates 

" a r c washed thoroughly and dr ied with a minimum of heat to 

prevent recrystal l isat ion of the sine p la te . The grained s u r -

'i face of a plate provides a tooth for the printing image and ink, 

and enables the plate to ca r ry the proper amount of water in 

the non-printing a r e a s . In many c a s e s , after the completion 
. . . ' ' • 1 , " ' • • ' • ; • 

of the p r e s s run, the sine p r e s s pis tes a r e removed, cleaned, 
• • ' : : • ; • r ; : • ' . ' / • ^ • ^ ' • 

flattened, and regrained for future u s e . 
• • . • * ' . • . . ' • • • ' • - . . * " 

Strip-rol led zinc is a lso used in manufacturing dry-ce l l 

currently the cans for standard flashlight-l ixe bat ter ies and 

smal ler s izes a r c most often drawn zinc. Zinc chloride is 

also used in the paste wi.ich fills the battery can. Another 

dry battery, know^n a s the flat-cell type, uses a flit piece of 

str ip -rolled zinc to p ry . ide electr ical con'aci between the 

combined cells within the bat tery. 

Ahi i jh .grade zinc with varying ahoys pro"id«'S a m ^ ' e r n l 

with a wide ra.npv of temper and strength ch» r^cleru«:ic s for 

building applic *«ion*. S'rip with lower alloy rontcn' is »i«<e-

f JI for flashings, v i l l eys , corner bc'id, and other a rchi 'e r t 

ural uses . Higher alloys produce s t r ip used as wo^ther 

• I I 

ba t t e r i e s . It is soldered into a eylindriral shell , although i 
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J ^ " " ' f ? ; ? ^ ' : a ? ° ! ! ; l ° ' . ? ? ^ " " the p „ d « , i o „ . „ d use 

of rolled . l„c doe. „ . t i i ^ i . ^ ; . b . . probien, o, any co„,e-

<!««.«. h U m , f « t u r . , . ft.v^;,d.i.ed , h . . . i , c e„,i .sio„s are 
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j Zinc Sulfate 
1 • . . , • • • ' f 

During 1969 about 30 percent, of the zinc sulfate was used 
> ; ' • • . . ' • • • • •.•• • • • > ^ ^ ^ ^ / ' • . • « ' ; ? ) • 

for agr icul tural purposes and 30 percent in the manufacture 

of viscose rayon fiber. The remainder was consumed in 

many minor p roces s applications including clarification of 

glue, paint and varnish process ing , electrogalvaniring solu-
. • .: < i { y ^ ^ J n y ? . ' : y P f i ^ ' y ' 
tionst froth flotation of mii ierals , and wood preserva t ion . 

Zinc sulfate i s usually prepar ' td b'y leaching roasted zinr ore 

concentrates with sulfuric acid solution and filtering out. tJie 

res idue. After removal of metal impur i l ies , i.he solution may 

be evaporated and dryed in a kiln, a spray d rye r , or other 

s imilar equipment. 

Reports from 24 manufacturers that p repa re or use zinc sul­

fate indicate that atinospheric emissions avcriigc not more 

than 0. 5 pound of zinc per ton of zinc sulfate p rocessed . Di.r 

ing 1969 the zinc sulfaii- produced wa? 64,274 ton* / Z': 

coj'*.enf - 22,000 tons}, ^rd zinc emissions to (he .'•tnio<plicri' 

totaled about 30 tons. 

1 MineriM Yearbook: Bure;iu of Mim-s: 1060. 
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Miscellaneous 
; •'-il.i'i-' y , » . • .. ' '?s\-. • 

The mitcelUntout u t e i ot sine which amounted to 94,000 

tout during 1969 inchide thQ nine du«t Ami lUb ilnc connNtm^ 

cd In the production of seNtfr*! Uw'* n\»»»*l «M»>v», th«> UP 
» 

s l l v e r i z i n g of l e ad , the m a n u f a c t u r e of wet b a t t e r i e s , the 

p roduc t ion of b r o n z e p o w d e r , and o the r m i n o r u s e s not i n -

clud«d In other i tcUoni ot this report. 

In the d e s i l v e r i z i n g of l e a d ^ t h e l e a d bull ion g ives up i t s s i l -

v e r conten t to z i n c . In g e n e r a l the 2 p r o c e s s e s u s e d both 

inc lude the " s t i r r i n g - i n " of z inc , cool ing , s k i m m i n g s i l v e r -

z inc c r u s t s , and d i s t i l l a t ion of c r u s t s . Dur ing 1969 the s l ab 

zinc consumed for th i s p u r p o s e was 3 ,957 tons / . None 

of the s m e l t i n g c o m p a n i e s con tac ted du r ing th i s s tudy p r o ­

vided e s t i m a t e s of zinc e m i s s i o n s due to d e s i l v e r i z i n g o p e r ­

a t i o n s . 

Zinc is u s e d a s t.he anode of \ a r i o i i s " w c f b a t t e r i e s sucl- a s 

the Lalandc ce l l , JEvercady a i r co l l , N.Ttional Crtrhoti .iir 

c e l l , and the c o m p a r a t i v e l y new si ' , \ -cr-zinc b a t l c r v . Tl-.i-

m a n u f a c t u r e r s of t h e s e b a t t e r i e s w e r e con tac ted and without 

i I 

I I 

!•• M i n e r a l s Yearbook: Bureau of M i r e s : 1969. 
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exception they reported that zinc emissions a r c negligible 

during manufacturing operat ions. 

' • c ^ . ' . . .* ! fc. • .n '~ i ^ ' 

Zinc is a 'secondary or minor ingredient in many light metal 

al loys, including both the cast and wrought alloys of a lumi­

num and magnesium.; It i s a lso frequently alloyed with tin 
' . ' ' : • : : - A V , ' 7 y , r , y - ' : •'•••:{ . , : - - • . • • 

iis in aluminum so lders , Britaiuiia metal , pewter , and 

"Queen's metal".V In s i lver solders the zinc content ranges 
- „ • - • . ' • • ; - ; f c * • ; • ; • • - • • • • - • s c . . ' - • . . . . 

from about 5'to 40 percent . ' ' 

i 

Est imates of zinc emissions to the atmosphere resulting from 

miscellaneous uses of zinc have been estimated by the Con­

t rac tor almost entirely without ass is tance from industrial 

sources . Only 2 manufacturers provided emisoion es t ima tes . 

More than 30 others stated their emissions were negligible; 

hcwcver, some defined negligible emissions a.** less th-in one 

percent loss of raw mater ia l . It is apparent there a r e some 

lo:)ses to the atmosphere during the desilverizing of lead and 

during alloying, as well as in the operations using smal ler 

quantities of zinc. 

During 1969 zinc emissions to the atmosphere due to p r o c e s s ­

ing and manufacturing operations a rc estimated by the Con­

t rac tor at 100 tons, or approximately 1/10 of one percent of 

the zinc consumed for such miscellaneous purposes . 

' ^ 

1 • 

«« I r— n r " 
IkiWi'V****^'-

i, 
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! i | : f • [ s . / OTHER SOURCES O F ZINC EMISSIONS 
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;i ; VX . A sea rch has been conducted and information has been found „ 
.... , t , -iV - »- ... ^' . * 

; .j :> : : ' r egard ing the sine content of coal, ash of coal , and fly ash 

• ' emiss ions froni coal fired power p lants . 
' " ' y.'t--. :yy-- ' j 'yyU:y^ '^ i : i i^m$:f :^ . ' ' . - .;•.• . 

-,. ;^-:----': • '•y---: A^y.:^:b:,i-:t.\iys\\y.-:i.y:y-y-' ' . 
With respect to fly ash , thecc is a study of emiss ions from 

i l : • . - , • • . : • . . • - . ; V * ^ : 

[ j ' coal fired power plants which shows the analysis of severa l 

.fly ash samples.; ; Six power boilers were Vested, each a dif-
. . .• • ' . : ' . • • . y - . ' i f \ • • ; • • • . - • 

fcrent type, and each value reported was the average of at 

i ' . •• - • . ^ r : ' ' : • • • . - • 

l eas t 2 t e s t s . Two of the boilers were fired with Illinois 
- • ; • , ' • : ' • . ; y l ^ ^ - . " • . . • ' • 

coal; , 2 burned Pennsylvania coal; one used some coal from 

Ohio and some! from West Virginia; one burned pa r t Ken­

tucky and par t West Virginia coal. The coal burned during 

th.e tes ts represented only a small portion of the coal mined 

in the various regions of the United States . 

Zinc concentrations in the fly ash s; mplcs taken before fly 

ash collection ranged from 4 .2 to 42 x 10 grains p^r scf / , 

1- Cuffe, Stanley'T; and Gers t le , Richard W. ; "Emissions 
from Coal Fi red Power P lan ts" . Public Health S e r v u e 
Publication No. 999-AP-35; 1967. 



- - - • : . . 1 . - : . • - . •. ', , n ^ ^ ; • • • ' ^ ' ' . . • . ! 

' : , • - •• • ' • ' ' ; Ji : , i _ • : ^ } U ^ . i - . . . : 

The average was 18 x 10* grains per scf. Calculations 

have been made based on: 

. •:. : " ' • • • ^y ' - y -u^ fy ' r . y . y . .-, • !.•! 
. (a) 516,084,000 tons of bituminous and anthracite 

. J • • : • • • • • ' ^ . • - ; : • ' - ' ' • • • • " • • - • • \ 

y'C coal consumed in the United Slates during 1969 _̂ f; 

. ( b ) . 160 scf of flue gas per pound of coal; 

(c) 18 X 10 grains per scf zinc concentration; 
, * ' ' . * » • . . . * ' • , - . 

. (d) 85 percent efficiency of control; and 

(c) 90 percent application of control. 

The zinc emissions calculated in this manner totaled 5,000 

tons. ' ' 
\ ' • ' • • . . . : . . : 

516,084,000 X 160 X 18 x 10 ' ^ x 2, OOP T̂  (0. 85 x 0. 90)1 x 5,000 
7,000x2,000 L -I 

.During the combustion of coal, zinc in discharged with the 

ash,; par t with the bottom ash and part with the fly ash. The 

llv ash averages about 65 percent of the total ash. 

Many samples of'coal have been analyzed and the zinc con-
.'^'.-.ir-'-^i' 

t>?nt reported a s shown in Table VIII. Calculations have been 

made based on: ;' 
(a) 516, 084, 000 tons of bituminoui and anthracite 

• ' - • • • • ' 1 

coal consumed in the Unitof* Stitea during I960 /; 

1- Minerals Yearbook; Bureau of Mines- 1969. 



1! , -k. . _ ^ ' ' ) . i54.Appm average zinc concentration il 
' ^ ^f? J^ ' ; 

Ii . j r • : " ' ? ) ; fly'V^ 65 percent Of tot^^ 
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/ U;:,^/^ .r. (d) ::85 percent efflcieacy of control; and 
•• . " . - y V y ' . - y / " l i i f ^ 0 : > y - y y - ' - v -^ 

'•y'- - (e) 90 percent application of controh 

The sine ernlsslons calculated in this manner totaled 4,310 

toni«; .'y.iy.iyyy-:-- ..y. 
.... : .: . . y y,yi:..:,:....' 

516 ,084 ,000x54 .6x10 -^x0 .65 [ l - (0. 85 x 0. 90)J . 4, 31( 

zinc 
In this repor t the figure of 4, 310 tons is used as the 

• i . r „ ^ ^ . - . V ^ : , . . : 

emi i s ions to the a tmosphere during 1969 due to the combu. 

tion of coal , ' ' vj 

ar 
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T A B 1 . E VIII 

AVERAGE MINOR ELEMENT CONTENTS OF COAL 
FROM VARIOUS REGIONS OF THE UNITED STATES - PPM 

. . . • f . ^ . . . . . . . . . . . ^ ' - ' .' 

! • ' • • - n ' t Ash Content Zn Content 
Region. , , - . at r ^ •, 
;: "v. of Coal - % of Coal - ppm 

( • . • - ^ - ^ -
) . . • . . . . . • • . • ' • - ' 

1 . . . . . . . .• V \ . . . . 

• . • • • ; . • ' ( • ' . 

,. Northern Great Plains 

Eas tern Inter ior 

Appalachian '; 

Western and Southwestern 

13.42 

6.16 

6.11 

NR* 

59.0 

44.0 

7.6 

108.0 

Average Zinc Content in Coal 54. f< 

*Not reported 

NOTE • The atrave table based on Geological Survey Dulle 
tins I U 7 - C and 1117.D, 1966 and 1967. 
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• In o r d e r to e s t i m a t e the z inc e m i s s i o n s to tiie a tmosph^src 
: ' , W - ^ ' . - : • : . , ' • • . : , . ' ^ • ^ ^ • • ; : , • ' 

due to the combus t ion of fuel o i l , i t w a s n e c e s s a r y to d e t e r ­

m i n e t h e z inc conten t and the quant i ty of oil r e c e i v e d f rom 

n u m e r o u s fore ign and d o m e s t i c s o u r c e s . Some data was o b ­

ta ined f rom p u b l i c a t i o n s , and s o m e fror;i m a j o r oil c o m p a n i e s . 

The z inc conten t in c r u d e was shown in m o r e than .100 s a m p ­

l e s of d o m e s t i c o i l ; h o w e v e r , the s i tua t ion was di f ferent 

with r e s p e c t to the m e t a l content of r e s i d u a l o i l s . The only 

r e l i a b l e in fo rmat ion a v a i l a b l e f rom publ i shed s o u r c e s was 

tha t r e g a r d i n g n icke l and vanad ium. The unpab l i shed da ta 

ava i l ab l e cons i s t ed of the a n a l y s e s of 3 s a m p l e s of impo.-tcd 

r e s i d u a l oil which was ana lyzed for the E n v i r o n m e n t a l P r o ­

tec t ion Agency, Office of Air Proijrairis. . du r ing 1</71. Tlie 

a v e r a g e zinc conten t of the 3 s a m p l e s was 4 . 17 p p m . 

The r e s i d u a l oil u sed in the United S t a ' c s dur ing 1969, e x c l u ­

s ive of u s e in v e s s e l s , was 630 mi l l ion b a r r e l s . Tliis oil 

con ta in ing z inc a t 4 . 17 p p m (ave rage ) was u u e d o y i n d u s t r i a l s , 

e l e c t r i c u t i l i ty c o m p a n i e s , r a i l r o a d s , oil c o m p a n i e s , and the 

m i l i t a r y , a s wel l a s for hea t ing (Table IX). 
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T A B L E IX 

RESIDUAL F U E L OIL DATA 

R e s i d u a l F u e l Oil Burned - 1969 (bbls) 639, 048, 000 

P o u n d s p e r B a r r e l 340 

Zinc Content of Oil (ppm) 4 . 1 7 

B a s e d on the d a t a in Tab le IX, the z inc e m i s s i o n s to the 

a t m o s p h e r e due to the combvistion of r e s i d u a l oil to ta led 

450 tons du r ing 1969. 

Due to the s c a r c i t y of da ta on wine and o t h e r t r a c e m e t a l s in 

oi l , the e m i s s i o n s m a y be c o n s i d e r a b l y m o r e than c s t i n i a t c d . 

'.rhe bu rn ing of fuel oil could be a m a j o r l oca l i zed s o u r c e of 

z inc e m i s s i o n s . 

yt 

V4., •'/•'i.t.l'x • ' ^ - V - -;• 
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IRON AND STEF.L 

S tee l m i l l s a r c i m p o r t a n t s o u r c e s of z inc cmi- ' s icn! ' to th».-

a t m o s p h e r e . Zinc in t-hc iror. o r e in rl;«.ch'» rrr«"l !•-• '-^n -ti -

m o s p h c r c f rom the b U s t furn-icc a** the o r e i* rT-d'-'.-eil to 

pig i ron and zLnc in the .^ci:-»p i^ dMih;«rijed f rom opi-'-'n*'^'•l! , 

b a s i c oxygen, and e l e c t r i v f n r n a r e i a s pig irc.n <i.-̂ .d «• j a p n r»-

conve r t ed to s t e e l . 

BlHst F u r n a c e s - As ihe gas !c;«,vr.* *.he blA«t f.jr.i a••• ,̂ •• 

con ta ins l a r g e qurtnt i t ies of p' irt . :cuiaro« avexngiric shoi.t ISO 

povnda p e r ton of pig i ron * / : '\o\vevr.», i* i'* ««:h^on '^"'•v 

c.ear.cd and u s "id a s fufl . 'P--v i;.«.s '-Ifr.-MTk; is ace'rn-\pli->'-.»-d 

in 2 o r 3 s t a g e s , and iV;c .'.n.'-.-i ;l o . r r?l,' effifii-'x-.v is ar, r.^'i 

rnatod 97 percent . . 

During 1969, the pi.g i ron p rod ' i ccd in i.̂ .e U:-.i».ed Sti«e«< 

to ta led 95 , 472, 000 tons ./. T.>i«.' ••v'5m-i<.cd zinr. -. c^n'.^" r-l 

!he pa r t i c i : l a t e f rom bl'dSt furno :e.-' wt^s 0. S pc.r..e':f ' / . Z'-< 

c n i i s s i o n s to the a tmoFpr ic re f.vorn l- ' ts* furii;.*.»: < •(»•.€''«d 

1, 070 to.us. 

1- "Air P o l l u t a r t Emi ' - s jcn F--•-?«.•-"; E n , ir i rn i r •.: il P.-< 
•ec t io r Ager,*-y; Pi«:! :mir .»ry Docin-xcnr; .^.r-v. , l ^ T l . 

2 - M i n e r a l s Yearbeok ; Bur^a- : rif MJI-.OF; ' O A O . 

3 - V a r g a , J . J r . , e l a l ; "A Sv •«tf-rn.s A;-.?.J»j'?s S»'.d\ <'i '" 
Tr.tegr.'it.ed I ron a.id S'.o.-i l -d" . -"-v" , I}..t'e"'.i- MiMnr, , - ; 
I . ' if t i tJtc; C o l u m h u s , Oliio; M»v» iO^.'*. 
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O p e n - H e a r t h F u r n a c e s - T h e o v e s a l l o p e r a t i n g cyc le of »>e 

o p e n - h e a r t h fu rnace i s about 10 Hours . Ever, though I ' lmos 

a r e d i s c h a r g e d cont inuous ly a?. vAryi.ig r .Ves , a v e r a g e e m : s -

s ion f a c t o r s have been est-mbiish.ed for o p e r a t i o n bo?.h. wit_H and 

without oxygen l anc ing . With oxygen l-incing, t \ e frir.tor for 

Tincontrolled e m i s s i o n * i s 21 pounds of p a r t i c u l i f e p e r ' o r r>f 

p tec l . Without l anc ing , the fac tor i s 8 pot^nds pe.r ton . The 

d e g r e e of e m i s s i o n con t ro l i s e s t i m a t e d a t 40 p e r c e n t , a r d 

the a v e r a g e e m i s s i o n fac to r (co. r t rc l led) for a l l o p c n - > e * r t r 

furnace o p e r a t i o n s i s 10 .2 pounds of p a r t i c u l a t e p e r ton of 

s tee l p roduced / . 

The mean p a r t i c l e s i z e of the du* ' is gcncr . j l lv r o r . f i r l c e d *«• 

bt- 0. S m i c r o n / and ' he a v e r a g e zinc covitc.'-t 12. 5 pe r r en* / , 

D u r i r g 1969 the s t ee l p roduced in oper • »-'Ĉ  r lh f\. r n a c e s w^.^ 

4 
6 0 , 8 9 4 , 0 0 0 t o r s / , 3 rd the zinc emis^^ions to the --i'niosp' » T 

toMled 39, 000 t o r p . 

1- "Emisii«->ns, Effluents and Control P r , < - i c e ? " - E r . i r o ' -
mcnt=»l P r o t e c t i o n A c e r c v : Sfudv ir P ' o c e f s (»jrp-.blj?>-i'd.' 
1970. 

2- Abe r low, E . B. .: "Modific-J'ion to tho Fo-tar-* Open-He-i r*.*̂  
P r e c i p i t a t o r s " : JAPCA: 7̂ , M^ >•, 1957. 

3 • "AiT- Polltj^ion E n g i n e e r i n g M T u a l " ; F*ublu Hea.'tl Ser ir»* 
Pub l i ca t ion No. 9 9 9 - A P - 4 0 , p . 24 3 1968. 

4 - Mi.'-er^l? Yearbook; Durr^iu cf Mir*'?; 1969. 

t 

i ! i • ' < 
• « t 



^ 1 . 

U a s i c Oxygen F u r n a c e s - TVe op«fa*ing c y c l e of tKe h<nnc 

oxygen f u m c e i s n o r m a l l y sbou t or.^ ^or ; t , and l a c s e q M i -

t i t l e s of g i s and p '^r r i ruU^e * r e di*c> 4»:;*d o t*r n 'mo^phr '*• 

f}ltot.g^out th.e o p e r a t i o n . The enfti»sion f*':»or for th '» i . p e 

of (.,rn4Ce h a s been es t im**ed -«• 4h poi.ncJ« of p*»rt.--jl »»r p r r 

ton of s t e e l ^ / , ar.d Ihe d e g r e e of e m u l s i o n • c r . ' r r l 4» 97 

p e r c e n t . 

;L>jrirg 1969 the s t ee l p r o d u c e d in b««lf oxygen fu rnaces «i!» 

60, 236, 000 tons / , %rd the e s t j m ««ed zinc '•or 'fn* ef t> t-

j .)-i ' t ic 'Ja*e e m i s s i o n s 2 , 2 4 perre*-* / , Z\r-c e m i « « i r p * "t 

•he a tmosp t - e r e f rom b=isit o x \ g e n f. rn-^rps tr*-«'e-d i o n •f.'-,«. 

i • "Air Pol l ' i t an t E m i s s i o n F - i r i o r s " ; E r . iror mer»5l P ' c -
tec t ion Agency; P r e l i m l r . i r y D o c i . m e r ' : A p r . , 107) . 

2- Mir .era la Ye-irbook; B u ' c a u of M i r r s ; 1969. 

3- Varga , •'. J r . , e*. a l ; " A S \ ? r e m * A n i l v * i s Study o f - h i . 
In tegr j r t 'd Iro.r. -ir.d S'.eel !• d . ,s»rv": D-i»»elle M«»mor;i5 
Inf t i fute . Co lumbu? , Ohio; M-»v, 1969. 

http://Prelimlr.iryDoci.mer'
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E l e c t r i c F u r n a c e s - E l e c t r i c a r c f v r n a c e s a r e u sed e x t e n . 

s ive ly for the p roduc t ion of a l loy s t e e l s 4nd the r a w m a t e r i a l 

u s e d i s p r i nc ipa l l y s c r a p i r o n . E m i s s i o n * g e n e r a t e d d".r-.rg 

o p e r a t i o n c o n s i s t of fume and dus t emi t t ed th.-oughout •'̂ .e 

cha rg ing and tefini.ng o p e r a t i o n s . While ch-trci.'-.c, •! e top is 

open to r e c e i v e the cold m c n ^ . i r d '.he cxpcf j . -c of t*-** cold 

c h a r g e to the high t c m p e r a a T C ins ide the fu rnace r e s u l t s in 

»he g e n e r a t i o n of l a r g e quan t i t i e s of fume. 

P a r t i c u l a t e e m i s s i o n s f rom e l e c t r i c arc. f u r m c e s h^ve b^e.^. 

c s ' i m a t c d with and without oxypen l-'»nr.ing ar 11 powids d rd "̂  

pounfls p e r ton of s t e e l , r e s p c n i civ ./, The d e g r e e of 

r o r ' r o l is e s t i m a t e d a! 7fi p'.-rccnt, and the d .er -Jue cmi^'sio' ' . 

factor (co'-.t ••oiled) a? 2 . 5 pcii.nds o<" psnic: \ j )a tc pe r ton of 

sfcfl p r o d u c e d . 

Dl r ing 1969 the Steel prod'^ced in e l e c t r i c a r c fu rnaces \v^« 

2 
20. 132,000 tons _ / . The zinc co'-fer.? of the par ticiil- . 'e is 

efiiim"jfed at 29 . C percen*. / , a.r.d .-ii-ic e m i s s i o n s to r>c ?it 

n t o s p h e r e f rom e l e c t r i c fu rnaces tor^lcd "^,400 to;-.«;. 

1- "Air Pol l ' i ' an t E m l ^ ' i o n F a c t o r s " ; Er.-viror-.mer »al P ' -c 
recfion Agency; I ' r e l imin- i ry Dcrumor.*.: Ap"-. , 1971. 

2 - Mv>;cral« Yearbook; B'>reJiU cf M-nesr 1969, 

J • C o u l ' e r , R. S . : "Smoke , D , s ! , F u m e s C lcsc ly Cor • ro i led 
in E l e c V i c Fi;rT'=ices"; l»cn Ace.- 1''3: Jai . H , .19^4. 

! 
-• ! 

• ! 
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FOUNDRIES 

Dur ing th i s s tudy e p c c t r o g r a p h i c ^.'.^Ivses of d'.ft s a m p l e * 

f rom 3 i r o n foundr ies h^'.-e bee."-, e-n^mlred ^nd •*^ev f'-ow 

zinc is p r e s e n t i.r. a l l s a m p l e s , t*-e ccn^om r^.-gintt fvom 0 .2 

to 2 . 0 p e r c e n t ,/, 

The cupola i s the m o s t p o p u l a r method for p roduc ing c a s t 

i r o n . The r a t e of par t icu l - i te e m i s s i o n s f rom gr-tv i r c n 

ci .polas h a s been r e p o r t e d a s 4 to 26 poundi* p e r 'on of j. ?o 

c e s s weight not includir c e m i s s i o n s f rom m a t e r i a l s ' •^ndl 'nc , 

ch ' i rgint j . o r o the r n o n - m e l t i n g oper itio. ' is. 

D-i?cd on informat ion o b ' a i r c d from indu«*rv, t> e p i r»ir-,!^tc 

e m i s s i o n f i ' - 'or is e s» in i i t cd %• 22 pcjnd-? pt-r 'or\ of p r c r o s ^ 

weight, including melt ipB -ir.d n o n m e i ' v n j ; opt-'••itions, T' •• 

d e c r e e of e m i s s i o n cor.trol is 'ipprf>>ini-'f"'y 2^ pe r . «"• . 

<!;;4l'-iifjf»rn* show thi* wit*- 1. I p»> rr e*"' zi'>c i* t* •? p - r M< • 

• i f e , ' h e e m i s s i o n f i c ' o r i« 0. 18 pc . rd i f /.ijir p f M-n «f 

p r c c e s * wcis l ' t , 

D' ir ing 1969 the p ic i ron a»fl s r r ^ p u9cd by i ' o n foi.ndMe-

J P r i v a r c commuT»ica»ior. 
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totaled 18, 594, 000 tons / ; therefore, zinc ctnissiens to 

•he atmosphere due to the production of cast iron were 

I, 7C0 tons. 

i 

i 

I M'.rfr-ilf Yearbook-. Bureau of Mines.- 196". 



I N C I N E R A T I O N 

A r e c e n t r e p o r t c o n c e r n i n g th.c bi /rr . i r .g of s e w a g e a.rd s l u d g e 

i n d i c a t e s t h e p r e s e n f . b i . rn i .ne ' " i t e i.n t h e U.r.:!ed S ' - J t c Js .a--

bc '^ t 2 , 0 0 0 t o n s p e r d a y / . B a s e d o n a n - iver- ige r inv r o r • 

ten ' , of 2 , 4 1 1 p p m / , t he JJ t rnosp.^er ic e m i s s i c n s of zin-: d ' .e 

to t.he burni.T>g of s e w a c s a n d s lv.dge d u r i n g 19^9 ^^•crp I j^ i^o 

! o r . s . 

TYv bur. '-iirg of r e f u s e a n d c a r b i g e i s a l s o -i SOW-T e of zir.--

' - •mi s s ions to t.he a f m o s p K e r c . !• > a s b e e n c s t j m a ' c d m d ' c - -

p o r t e d tha t a p p r o x i m a t e l y 5*̂  p » r r f r . f ol a l l rhe g c r r r - i ' r d 

v'HSte in t h e U n i t e d S t a » e « , o r abo ' j t b p o u n d s p e r p e ' s c - p o -

d ' iv , i s b u r r e d h v ' v - « r i o u s c c n i b u s - u " i nif^M-ocls / . E n i i « -

s i o n d^ ta l i ivi* a l s o b e e n r c p o ' t c d v.) \<-y jncli ' t ' r '• •.' i ' c , ' -

e ' H t i o r . e m i s s i o n s r - i r c c f r o m 3 "o 2>i po,-.;ids p e - ' ^n of - » • • . -

h i . r n e d , v-hJle •he z i n c ro'""''"!-" of il-o nst-cd ni- i '«- ' ' j i l i> f 'o t r i 

1- P ' l v a f e commupic.^'ic>r> wj».>. ' h e F e d c r i ? Wi '<«' P o l l ' . ' i o i -

Co»-»;rol Au1.hoTi»v. 

2 - C i - i ' k , L . J . a - d H i l l , W. L . "Or m - r e-u r cf M-»» n-
n e s e , C c p p e r , Z i . ' . ' , M c l v b d c p . j i r i , -I'-d C o h . M i- p-yn-
pV.^'e F e r » i l i 7 . e - 9 %r.d Scvv^ue .Si<Hiu<"" Jo - i ^ l i<f >' .-
A ^ O . A. C . 4 1 M«-. } lOSR. 

i "A •• PoU.' ."->* E m i s s i o n F-ii 'O'i^"'- Er •. i > r .timt-i • 11 P M 
•nc*-.or AjLienry P re l imi '1 .4 rv D o * - . n i e ' • ; . -Xp ' . , i*^ ' ! . 

http://bi.rni.ne
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one to 10 percent __/. Based on an average of 1 '> pounds of 

part iculate per ton of refuse burned and a zinc corter"* of 2 

percent , the zinc emissions (c tJiC atmosphere a r e about 

26, 200 tons per year . 

I - "Air Quali ty C r i t e r i a for P.i rficiil-ne M-T'tcr" N a n o p i l 
Air Po l lu ' ion Coritrol Achnir isf r i»ior Pub l i c i l i on No, 
A P 49.; Jan. . . 1969. 
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•* UPDATING O F EMISSION ESTIM-ATES 

• ' T>C «Vrtt»*ions and e m i s s i o n f a c t o r s presen*^ed in thi? r e p o ' t 

[; « r e the r « t u l t of ca lcuMtion^ b^sed p r inc ipa l ly on i r f o r m ^ -

!'• t ion obta ined f rom i n d u s t r i a l s o u r c e s . Thicy £ ;e spec i f ica l ly 

j\">r the y c » r 1969, but may be upda ted a t any t i m e wher. addi-

t ional i n fo rma t ion i s a v a i U b l c , E i t h e r of the 2 met.'-ods d e -

; . s c r i b e d h e r e i n m a y be u sed for .updating: h o w e v e r , the lonpcr 

p r o c e d u r e , r e f e r r e d to a s Method A, will yield r e s u l t s r' <•. 

a r e m u c h m o r e r e l i a b l e . 

The p r o c e d u r e s to be followed with Met.hod A a r e e s * e n l i i l ' v 

l.hc s a m e a s those u sed dur ing «he origir.-il st.Md\, w' \Y, •* • e 

d e s c r i b e d br ie f ly as follosv««. Mo*e t.h .̂n 175 ii.q<)ifirs w e r e 

sent to p r o c e s s i n g a r d r c p r o c c s s i n i ; comp-jr.ies bv n i ' . l , or 

d r l i . e ' e d d u r i r c p e r s o n a l -I'isi's *o pl^nt s i<es. T) e r e u • ^ 

no reply f rom 58 c o m p a n i e s even after 2 or ) foMo"- .p )<.•' 

»e r s . Aro?>.er 36 c o m p a n i e s •!.»•, swc red hi.* did no» I » T - . ide 

d a t a . Some re fused , but mosv of thcni t U i m c d t.'.ey did nr • 

hrtve the i n fo rma t ion readi ly a^^i l - ib le . TVere wpr** 3? r o m -

pan ie s that, fu rn i shed a l l o r p i r t of t> e d i ' a r e q - c s ' ^ d , and 

ihi-i was the b d s i s for e m i s n i o r s .-ind c n i ' s s i o n f^l •(>':.«; s«-' 

f o " h in '.his r e p o r r . 
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All of the companicB that produce pr imary slab zinc were 

r e q u e s t e d to p r o v i d e the e s s e n t i a l da ta r e q u i r e d for the s tudy. 

In fo rmat ion was obtained conce rn ing 2 of the 5 e l e c t r o l y t i c 

p l a n t s , 3 of the 5 h o r i z o n t a l - r e t o r t p l a n t s , and 3 of the 4 

- / c r t i c a l - r c t o r t p l a n t s . Based on the da ta obta ined, ei-nission 

f ac to r s w e r e ca lcu la t ed and r e p o r t e d for each type pl?inf.. 

V/i'.h r e s p e c t to sccond ' j ry z inc , about 50 p e r c e n t of tlic c o m ­

pan ie s w e r e con tac ted and the data obta ined c o n c e r n e d nea r ly 

30 p e r c e n t of the p roduc t ion cnp. ici ty . The r e p r o c e s s i n g con i -

pa.r ics that p rov ided in fo rmat ion r e p r c s e n f c d about 20 p e r c e n t 

of the indus t ry capac i ty , 

R e p o r d l e s s of the method s e l ec t ed , the f ' r s t s ' ep to be taken 

when upfl-iiing the e in i s s ion e s i i n i a t c s is to obtnin l.'ir la tes t 

iPS'.c of l)ie Dure^iu of M i n e ; Miner- i ls Yc-i rbook. Volume I-Il , 

v'hich' is norm-i l ly ava i l ab l e within 16 o r 18 n i o r i h s af ter the 

end of tlie cTlend--»r yea r ijjrcjDrii-.fs of ii'dj-.-idu/il sce t i rn- j a r e 

usufilly ava i l ab l e s o o n e r ) . Tliis pub l ic i t io r . sho'V'S the qu'intity 

of o r e mined and the zinc p roduced in the United S t a t e s , a s 

well a s tlu; quan t i t i e s in ipor lcd and expo r t ed . It a l s o sho\v<; 

t.» e amount of s l ab zinc coii?i<mefi .ind tlic \ i r i o i JS p u r p o s e s 

\c ' vv-hit h iv v^vt u s e d . In th is on(.' pviblic'1 tioiij nil of the 

file:///irioiJS
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i . n f o r m a t i o n i s a v a i l a b l e t h a t i s r e q r n r c d to u p d a t e t h e i n - i i c r i o l 

f l o w c h a r t f o r z i n c . 

W h e n u s i n g M e t h o d A, t h e e m i s s i o n f a c t o r s m u s t h e r c M s e d 

by c o n t a c t i n g i n d u s t r y to de te rn-v ine t h e impTOvem»*nts in a i r 

p o l l u t i o n c o l l e c t i o n e q u i p m e n t e f f i t i c n . c y , a n d o t h e r p r o c e s s ­

i ng c h a n g e s a f f e c t i n g z i n c e m i s s i o n s . T h e r e v i s e d c n i i s s i o n 

f a c t o r s m a y t h e n be u s e d wi th t h e p r o d u c t i o n q u a n t i t i e s o b ­

t a i n e d f r o m t h e M i n e r a l s Y e a r b o o k o r o t h e r r e f e r e n c e d s o u r c e s , 

M e t h g d D i s c o n s i d e r a b l y s h o r t e r t> Dn Mct l iod A a-.d l e s s r e l i ­

a b l e . Th.e on ly r e q u i ' - c m e n * i s ' o r e v i s e t he r rn*er i=i l f low 

c b ^ r t a c c o r d i n g to t h e m o s t r e c e n t p u b l i s h e d d^t^ nnd a r p l v 

(.'••c e r : i i s = ior. f a c t o r s sh.own i.--. i l i s r e i . v r t . In r e - i ; - ' v , ' I M « 

nu ' J io f . i s o n l y a pa r t i - i J ijpd-M'ifj. T V e r c i s n o c le 'e* mi '-- ;• i o ' 

••'-i: 1 ' <-'!•• p i m p r o ' . ' e n i e n f 3 in .'j i r po ' i ' i ' i ' > r ' r t ' r r - ! , -i .s! jf' '̂• 

p-odi j r»- ;or to m o r e e f f i r i e n ' p ' - i ' ' ? , c r -ir v ot>"('r . o» p H h " i 

Ml)'?. -Tffec'ir.g e m i s s i o n f / i c ' r . i s . T 'M- rid . a n ' I i;'' iS ' ' - i» ' ' <-

r e p o r t c in h e u p d a t e d wit) in a feu- d i v s r lOier t)-.-in s o . ».r -I 

m o ' t h s . 

To i /pd-i 'e /-.irr e m i s s i o n ^ f r o m IIT '-^'IhirLMf -i 1 p r ' u i - ^ - i ' c , 

f f 'Tond-^ 'v p r od';*:* ion , zir>' h-i<i' - i l lov p r r i r e - i s i n i ; , /-i" 

o v i d e p»-od". "'.iO'-, -if-d t ^e i r o - a* t! s ' e e l i 'lcluf-l '•\, it i5 
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preferable to use Method A. The remaining emissions shown 

in this report may be updated by Method B without introducing 

ar. appreciable e r r o r in!o t>c resu l t s . 
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